3.3 Background I nfor mation on Groundfish Resour ces
3.3.1 LifeHistory, Habitat, and Stock Status of Target Species

This section presents descriptions of mgjor target species, summarizing important life history traits, their
habitat environment, prey base, stock assessment, and status of the stocks. Additional informetion on life
higory (in tableformat) and habitat features (in mappings) for each mgj or groundfi sh species are described
inthe following three documents: (1) environmental assessment for essertial fish habitat (NPFMC 1999a), (2)
essential fish habitat assessment report for the groundfish resour ces of the Bering Sea and Aleutian Idands
(BSAI) region (NPFMC 1998a), and (3) essential fish habitat assessment report for the groundfish resour ces
of the Gulf of Alaska (GOA) region (NPFMC 1998Db).

3.3.1.1 Pollock
Stock Description and Life History

Pollock (Theragra chalcogramma) is the most abundant specieswithin the eastern Bering Seaand the second
most abundant groundfish stock in the GOA. It iswidely distributed throughout the North Pacific Ocean in
temperate and subarctic waters (Wolotira et al. 1993). Pollock is a semidemersal schooling fish, which
becomes increasingly demersal with age. Approximately 50 per cent of femal e pollock reach maturity at age
four, at alength of approximately 40 cm. Pollock spawning is pelagic and takes place in the early spring on
the outer continental shdf. Inthe eastern Bering Sea, thelarges concentrations occur inthe southeast, north
of Unimak Pass. Inthe GOA, thelargest spawning concentrations occur in Shelikof Strait and the Shumagin
Islands (Kendall etal. 1996). Juvenile pollock are pelagic and feed primarily on copepods and euphausiids.
As they age, pollock become increasingly piscivorous and can be highly cannibalistic, with smaller pollock
being amajor food item (Livingston 1991b). Pollock are comparatively shart-lived, withafairly high natural
mortality rate estimated a 0.3 (Hollowed et d. 1997, Wespestad and Terry 1984) and maximum recorded age
of around 22 years.

Although stock structur e of Bering Seapollock isnot well defined (Wespestad 1993), three pollock stocks are
recogni zed in the BSAI for management purposes: eastern Bering Sea, Aleutian Idands, and Aleutian Basin.
Pollock in the GOA are thought to be a single stock (Alton and Megrey 1986) originating from springtime
spawning in Shelikof Strait (Brodeur and Wilson 1996).

The Fishery

Pollock supports thelargest fishery in Alaskan waters. In the BSAI, pollock comprise 75-80 percent of the
catch. Inthe GOA, pollock constitute 25-50 percent of the catch. Fisheries management hasrestricted pollock
to be harvested with pelagic trawl gear to minimize thepotential interaction with other groundfish species and
to reduce the magnitude of bottom dsturbance. Pdlack arealso caught with bottom-trawl gear as bycatch
from othe fisheries.

Thedirectedfi shery for BSAI pollock isconducted by catcher-processor sand catcher vessel susing pelagic and
bottom traw! gear. The season has traditional ly been broken into two parts, aroe season during early winter,
and asurimi (imitation crab) and filet season during the second half of theyear. Currently, to minimize the
potential indirect inter action with Steller sea lions (Eumetopias jubatus), the seasons have been maraged to
occur over broader areas and over seasons that are less contracted in time  Observed pollock fishery trawl
locdions in 1999 by season are shown inFigure3.3-1.
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Distribution of fishery opeations during 1998-1999. A-Season represents pollock caught during January
20-March 31, B-Season represents pollock caught during the second half of the calendar year. Sourcet NMFS
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BSAI pollock are caught asbycatchin othe directed fisheies, but becausethey occur primarily in well-defined
aggregations, theimpact of thisbycatc is typically minimal. Recent discard rates through the early 1990s
(discar ds/retained catch) of pollock in the directed fishery have bean about 7-8 percent, but in 1998 dropped
to 1.5 percent (lanelli et a. 1999). Thisis because, in 1998, discarding of pollock was prohibited except in
thefisherieswhere pollock arein bycatch-only status. Pollock are caught as bycatch in the trawl Pacific cod,
rock sole and yellowfin sde fisheries.

In the GOA, major exploitable concentrations are found primarily in thecertral andwedernregu atory areas
(147°W-170°W). Pollock from this region are managed as a single stock that is separate from the BSAI
pollock stocks (Alton and Megrey 1986). The pattean of the fishery genaally reflects the broad atial
distribution of pollock throughout the central and western regionsof the GOA. Shiftsinthelocation of fishable
concentrations of pollock reflect the seasona migrationsto spawning locations. The fishery generally ocaurs
at depths between 100 and 200 m (Hollowed et al. 1997). Observed pollock fishery trawl locations in 1996
areshown in Figure 3.3-2. Important pollock fishery locations include Shelikof Strait, the canyon regions of
the east sde of Kodiak Idand, and Shumagin Canyon.

Megrey (1989) documented the historical expansion of the pollock fishery in the GOA. Heidertified four
phases of expansion, beginning with a developmertal phase beween 1964 and 1971 when the fishery was
dominated by fareign trawlers that incidentally captured pollock in mixed-species catches. The second phase
ocaurred between 1972 and 1980, when directed pollodk harvests wereinitiated by foreign and joint-venture
fisheries. Floating freeze-surimi trawlers were active in the GOA during the second phase of fishery
development. Thethi rd phaseof development occurred between 1981 and 1985. This phasewascharacterized
by joint-venture operations. During this period, the Shelikof Strait spawning concentrations were discovered.
Surimi production and roeharvest wereemphasi zed during this phase of development. Inrecent years, foreign
vessals have been diminated from the pollock fishery. Thisfinal phase was marked by the passage of the
inshord offshare amendment, which mandated that 100 percent of the pollock catchbe processed at shoreside
plants. During this period the fishing community moved fram a batomtrawl fishery to a mid-wate fishery
dueto management measures established to control bycatch of prohibited species. Pacific haibut takenin the
pollock fishery areadded to the total for the shallow water conplex halibut martality cap. When the halibut
cap is reached for the shalow water complex, trawling for species in the complex is prohibited, except for
vesselsusing pdagic trawls.

Trophic Interactions

The diet of pallock in the eastern Bering Sea has been studied extensively (Dwyer 1984, L ang and Livingston
1996, Livingston 1991Db, Livingston and DeReynier 1996, Livingston et . 1993). These studies have shown
that juvenile pollock is the dominant fish prey in the eastern Bering Sea. Other fish consumed by pollock
include juveniles of Pacific herring, Pacific cod, arrowtocth flounder, flathead sole, rock sole, yellowfin sole,
Greenland turbot, Pacific halibut, and Alaskaplaice. On theshef area, thecontribution of these other fishprey
to the diet of pollock tends to be very low (i.e., usualy lessthan 2 percent by weight of the diet; (Livingston
1991b, Livingstonand DeReynier 1996, Livingstonet al. 1993). However, inthe deeper slopewaters, deep-sea
fish (myctophids andbathyl agids) arearelatively important diet component (12 percent by weight), long with
euphausiids, pollock, pandalid shrimp, and squid (Lang and Livingston 1996).

The cannibalistic natureof pollock, particularly adult sfeeding on juveniles, iswell documented by field studies
in the eastern Beaing Sea (Bailey 1989a, Dwye et al. 1987, Livingston 1989, 1991b, Livingston and
DeReynier 1996, Livingston and Lang 1997, Livingston et al. 1993). As mentioned previously, cannibalism
by pollodk in the Aleutian Islands region has not yet been documented (Y ang 1996).
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Cannibalismratesin the eastern Bering Sea vary depending on year, season, area, and predator sze (Dwyer
et a. 1987, Livingston 1989b, Livinggon and Lang 1997). Cannibalismrates are highest in autumn, next
highest in summer, andlowest in spring. Cannibalism rates by pollock larger than40 cm are highe than those
by pollock smaller than 40 cm. Most pollock cannibalized are age 0 and age 1 fish, with most age 1 pollock
being consumed northwest of the Pribilof |9lands where most age 1 pollock are found Pollodk larger than 50
cm tend to consume most of the age 1 fish. Smaler pollock consume mostly age O fish. Although age 2 and
age 3 pollock are sometimes cannibaized, the frequency of occurrence of these age groupsin stomach contents
isquitelow. Laboratory studies haveshown thepossibility of cannibalism among age O pollock (Sogard and
Olla1993a). Field samples have confirmed this interaction, but sofar this interaction gopears nat to be very
impartant.

Field and laboratory studies on juvenile pollock have examined behavioral and physical factors that may
influencevulnerability of juvenilesto cannibalism (Bailey 19893, Olla et a. 1995, Sogard and Olla 1993a and
1993b). Althoughit had previ oudy been hypothesized that cannibaism occurred only in areaswith nothermal
stratification, these recent studies show that age 0 pollock do move below thether moclineinto water sinhabited
by adults. Larger ageO fishtend to move bdow the thermocline during the day, and all age 0 fish tend to
inhabit surface waters for feedingat night. Most cannibalism may occur during the day. If food avail ability
is high, al sizes tend to stay above the thermocline, but when food resources are low, even small age O fish
movetowardthecolder waters asan ener gy-conserving mechanism. Thus, prediction of cannibalism rates may
require knowledge o thethemal gadient andfood availability to juvenilesin anarea.

Various studies have modeled pollock cannibalism in eithe a static or dynamic fashion (Dwyer 1984,
Honkalehto 1989, Knechtel and Bledsoe 1981 and 1983, Laevastu and Larkins 1981, Livingston 1991a, and
1994, Livingston et al. 1993). The Knechtel and Bledsoe(1983) size structured S mul ations produced several
conclusions regar ding cannibalism. Under conditions simulatingthecurr ent fishingmortdity rate(F=0.3/yr)
the popul ation tended towardequilibrium. They al so foundthat cannibaism isastabilizing influence, with the
population showing less variation compared to simulations in which cannibalism was not included.
Zooplankton populations were also smulated in the model, and Knechtel and Bledsoe concluded that food was
limiting, particularly for adult pollock. Maximization of average catch occurred at an extremely highF value
(F =3.0/yr"), which isabout ten times higher than the actual fishing mortality ratesin theeastern Bering Sea.
However, the interannual variation in catches under thi s hypothetical scenario were extremely large.

The trend in more recent modeling eforts (Honkal ehto 1989, Livingston 1993 and 1994) has been to examine
cannibalism using morestandar d tock assessment procedures such asvirtual populati onanalysis or integrated
catch-age modds such as Methot’s (1990) synthesis model. The purpose is to obtain better estimates of
juvenile pollock abundance and mortality rates, which can improve our knowledge of factors affecting
recruitment of pollockinto the commercial fishey at age 3. Resultsfrom Livingston (1993 and 1994) highlight
several points with regard tocannibalism. In thecurrent state of theeastern Bering Sea, cannibalism appears
to be the most important source of predation mortdity for age 0 and age 1 pollock. Predation mortality rates
for juvenilepollock arenot constant, as assumed inmast popul ation assessment modd's, but vary acrosstime
mainly due to changesin predator abundancebut perhapsal so dueto predatars feedingmore heavily on more
abundant year classes. The decline in pollock recruitment observed at high pollock spawning biomasses
appears to bedueto camibalism. Thereal so appears to be an environmental component to juvenilepollock
survival (Wespestad and Dawson 1992), wherein surface currents during the first three morths of life may
transport larvaeto areas morefavorableto surviva (e.g., away from adult predators or in areasmorefavorable
for feeding). Estimates of total amount of pollock consumed by important groundfish predat ors show that
cannibalism is the largest source of removal of juvenile pollock by groundfish predation (Livingston 1991a,
Livingston and DeReynier 1996, Livingston & al. 1993).
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Other groundfish predators of pollock include Greenland turbot, arrowtooth flounder, Pacific cod, Pacific
halibut, and flathead sole (Livingston 1991a, Livingston and DeReynier 1996, L ivingston et al. 1993 and
1993). These species are some of the more abundant groundfish in the eastern Bering Sea, and pollock
constitute alarge pr oportion of the diet for many of them. Other less abundant speciesthat consume pollock
include Alaska skate sablefish, Pacific sandfish, and various sculpins (Livingston 1989, Livingston and
DeReynier 1996). Small amounts of juvenile pollock are even eaten by small-mouthed flounders such as
yellowfinsoleand rock sole (Livingston 19914, L ivingstonand DeReynier 1996, Livingston et al. 1993). Age-
0 and age-1 pollock are the targes of mast of these groundfish predator s, with the exception of Pacific cod,
Pacific halibut, andAlaska skate which may consumepollock ranging inage from age-0to greater than age-6,
depending on predator size.

Pollock is a significant prey item of marine mammals and birds in the eastern Bering Sea and has been the
focusof many studies. Studies suggest that pollock is aprimary prey item of northern fur seals when feeding
on the shelf during summe (Sinclair & al. 1997 and 1994). Squid and other simall pelagic fishare also eaten
by northern fur sealsin slopeareas or in other seasons. Themain sizesof pollock consumed by fur sealsrange
from 3to 20 cmfor age Oand age 1 fish. Older age groups of pollock may appear in the diet, during year s of
lower abundances of young pollock (Sinclair et al. 1997). Pollock has been noted as a prey item for other
marine mamimal s including northern fur seals, harbor seals, finwhales, minke whales, and humpback whaes
but somach samples from these species in the eastern Bering Sea havebeen vay limited, so theimportance
of pollock intheir diets has not been wdl-defined (K ajimura and Fowier 1984). Pollodk areamongthe most
common prey inthe diet of spotted sealsand ribbon sealswhich feed on pollock in the winter and spring in the
areas of drifting ice (Lowry et a. 1997).

Five species of piscivorous bir dsare dominant in the avifauna of the eastern Bering Sea: norther nfulmar , red-
legged kittiwake, black-legged kittiwake, conmon murre, and thick-billed murre(Kajimuraand Fowler 1984,
Shuntov 1993). Pollock is sometimes the dominant component in the diets of northern fulmars, black-legged
kittiwakes, common murres, and thick-billed murres, while red-legged kittiwakes tend to rely more heavily on
myctophids (Hurnt et d. 1981, Kagjimura and Fowler 1984, Springer et al. 1986). Age 0 and age 1 pollock are
consumed by these bird species, and the dominance of aparticular pollock age-groupinthediet varies by year
and season Fluctuationsin chick productionby Kittiwakes have been linked tothe availability of fatty fishes,
such as myctophids, capelin, and Pacific sand lance (Hunt et a. 1995). Changes in the availability of prey,
including pollock, to surface-feeding seabirds may be due to changes in sea surface temperatures and the
locations of oceanographi ¢ features auch asfronts, which could influence the horizontal or vertical distribution
of prey (Decker et al. 1995, Springer 1992). See Section 3.5.2 for more information.

Thediet of pollock, particularly adults, inthe GOA hasnot been studied asthor oughly asin the eastern Bering
Sea. Larvae, 5-20 mm in length, consume larval and juvenile copepads and capepod eggs (Canino 1994,
Kendall et al. 1987). Early juvenles (25-100 mm) of pollock in the GOA primarily eat juvenile and adult
copepads, larvaceans, and euphausiids; late juveniles (100-150 mm) eat mostly euphausiids, chaetogreths,
amphipads, and mysids (Brodeur and Wilson 1996, Grover 1990a, Krieger 1985, Livingston 1985, Merati and
Brodewr 1997, Walline 1983). Juvenile and adult pollock insoutheast Alaska rely heavily on euphausiids,
mysids, shrimp, andfish as prey (Clausen 1983). Euphausids and mysids are important to smaller pollock
and shrimp and fish are more important to lar ger pollock inthat area. Copepods are not adominant prey item
of pollock inthe embayment sof southeast Alaskabut appear mostly inthesummer diet. Similarly, the summer
diet of pollock in the central and western GOA does not contain asmany copepods (Yang 1993). Euphausiids
arethe dominant prey, constituting a relatively congtant praoportion of the diet by weight across pollock sizes
groups. Shrimp and fishare the next two impaortant prey items.
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Inthe GOA, fish prey become anincreasing fractionof thepollock det with inaeasing pollock size Over 20
different fish species have been identified in the scomach contents of pollock from this areg, but the dominant
fish consumed is capelin (Yang 1993). A high dversity of prey fish were also found in pollock stamachs.
Commercially important fish prey included Pacific cod, pollock, arrowtooth flounder, flathead sole, Dover sole,
and Greenland haibut. Forage fish such as capelin, eulachon, and Pacific sand lance were aso found in
pollock stormach contents.

Dominant groundfish populations in the GOA that prey on pollock include arrowtooth flounder, sablefish,
Pacific cod, and Pacific halibut (Albers and Anderson 1985, Best and St-Pierre 1986, Jewett 1978, Yang
1993). Pollock is one of the top five prey items (by weight) for Pacific cod, ar rowtooth flounder, and Pacific
halibut. Other preyfish of thesespeciesinclude Pacific herring and capdin(an esmerid fish). Other predatars
of pollock include great sculpins (Carlson 1995) and shortspined thornyheads (Yang 1993). Asfound in the
eastern Bering Sea, Pacific halibut and Pacific cod tendto consumelarger pollock, and arrowtocath flounder
consume pollock that are mostly under age 3. Unlike the eastern Bering Sea, however, the main source of
predation mortality on pdlock at present appearsto befromthearrowtooth flounder (Livingston 1994). Stock
assessment scientists haveattempted to i ncor poratepredation mortality by arrowtoothflounder, Pacific halibut,
and saa lions inthe stock assesament far pollock in the GOA (Hollowed & al. 1997).

Research on the diets of marine mammealsand birdsin the GOA wasless intensive than for the Bering Sea, but
has recently been grestly accelerated (Brodeur and Wilson 1996, Calkins 1987, DeGangeand Sange 1986,
Hatch and Sanger 1992, Lowry et d. 1989, Merrick and Calkins 1996, Pitcher 1980a, 1980b, 1981) (Section
3.5). Brodeur and Wilson’ s (1996) review summarized both bird and mammal predation on juvenile pollock.
The main piscivorous birds that consume pdlock in the GOA are black-legged Kittiwakes, conmon murres,
thick-billed murres, tufted puffins, horned puffins, and probably marbled murrelets. The diets of common
murr es have been shown to contain around 5 percent to 15 percent age 0 pollock by weight, depending on the
season. Thetufted puffin diet is more diver se and tendsto contain more pollock than that of the horned puffin
(Hatch and Sanger 1992). Both horned puffins and tufted puffins consume age 0 pollock. The amount of
pollock in the diet of tufted puffins varied by region in the years studied, with very low amounts in the north-
certral GOA and Kodiak Idand areas, intermediate (5-20 percent) amounts in the Semidi and Shumagin
Islands, and large anounts (2575 percent)in the Sandman Reefsand eastern Aleutian Islands. T heproportion
of juvenilepollack in the dig of tufted puffins at the Semidi | slands varied by year and was related to pollock
year-class abundance.

Pollock isamajor prey of Steller sealions and harbor sealsin the GOA (Merrick and Cakins 1996; Fitcher
19804, 1980b, and 1981). Har bor sealstend to have amore diverse diet, and the occurrence of pollock in their
diet islower thanin sealions. Pollock isamagjor prey of both juvenile and adult Steller sealions inthe GOA.
It appear s that the proportion of animals consuming pollock increased from the 1970s to the 1980s, and this
increasewas most pronounced for juvenile Stdller sealions. Sizes of pollock consumed by Steller sea lions
range from 5 to 56 cm, and the size conposition of pollack consumed appears to be related to the size
composition of the pollock population. However, juvenile Steller sealions consume smaller pollock on average
thanadults. Age 1 pollock was dominant inthediet of juvenile Steller sealionsin 1985, possibly areflection
of the abundant 1984 year class of pollodk availableto Stdle sealiorns inthat year.

Stock Assessment

Currently, information on pollock in the eastern Bering Sea comes from the National Marine Fisheries Service
(NMFS) observers aboard commercial fishing vessels annual trawl surveys, and triennia echo integration
(hydroacoustic) trawl surveys. Inthe Aleutian Iands, information comes from obsaver data and triemial
bottom trawl surveys. Inthe GOA, stock assessment informati onis based onobserver ard port sampling data,
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annual hydroacoustic surveysin the Shelikof Strait area, and triennial bottom trawl surveys. These different
data sts ae analyzed smultaneoudy to obtain an overall view of each stock’s condition. The bottom trawl
data may not provide an accurate view o pollock distribution, because a significant portion o the pollock
biomass may be peagic and not available to bottom trawls and much of the Aleutian Idands shelf is
untr awlable due to rough bottom.

In theeasten Baing Sea, pdlock areassessed with anage-gructured model incorparating fishey data and
two types of survey catchdata and agecompositions. Bottom trawl surveysar e conducted annually from June
through August and providea consistent time series of adult pgoulation abundance from 1982to 1997. Echo-

integrated trawl surveys arerun every threeyears (typically) and provide an abundance index on more pelagic
(typically yourger) stock segments. Both surveys separate their catches into their relative age compositions
prior to analyses. Fishery data include estimates of the total catch by area/time strata and the average body

weight at age and r el ative age composition of thecatich withi n each stratum. Theresults of the st tistical model

applied to these data are updated annually and presented in the BSAI pollock chapter of the North Pacific
Fi shery Management Council’ s(the Council) BSAI Stock Assessment and Fishery Evaluation (SAFE) report.

Alsoincluded are separate analyses on pollock stacks inthe Aleutian Islands and Bogoslof areas. These
analyses are corstrained by data limitations and are presented relative to the status of the eastern Bering Sea
stock. Thisanalysisfocused specifically on theeastern Bering Sea stock with the view that extensionsto these
other areasareequaly applicable. The stock assessment isrevi ewed by bah the plan team and theCouncil’ s
Scientific and Statistical Committee befare bang presentedto the Council.

The estimated 2000 age composition of eastern Bering Sea pollock from the stock assessment mode is shown
in Figure 3.3-3. Ages 4 through 15 represent the recruited population. The age composition has been
dominated by strongyear classes—most recently thereappearsto be ahigher-than-averageyear-classfor 1992;
prior to that, the1989 year class wasvery high. The abundance of these year classesis evident from the echo
integrationtrawl (EIT) and bottom trawl surveys, in addition totheextensive fishery age conmpositiondatathat
have been collected. The selectivity of thefishery has cumulativeimpacts on the age composition duetofishing
mortality. The fishery has tended to exhibit variable selectivity over time, but generally targets fish aged 5
years and ol der.

8,000 1
96 B Year 2000

6,000 +

4,000 +

2,000 +

6
Age
Figure3.3-3 Projected agedistribution (year classes noted on top of bars) and long-

term average (solid line) for eastern Bering Sea pollock, 2000. Sour ce:
NMFS
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GOA pollack are a soassessad with an age-structured model incarporatingfishay and survey data. Thedata
used in thisanalysis consist of estimates of total catch biomass, bottom trawl biomass estimates, EIT survey
estimates of thespawning biomassin Shelikof Strait, egg produ ction estimates of spawning biomassin Shelikof
Strait, and fisheries catch at age and survey size campositions. Fishery catch statistics (including discards)
areestimated by theNM FS Alaska Regional Office. These estimatesare based on thebed blend of observer-
reported catch and weekly production reports. Age camposition data are dotained from several sources,
including catch at age aggregated over al seasons, nations, vessel classes, and International North Pacific
Fisheries Commission (INPFC) statistical areasfor the years, and catch at age from the spring EIT survey and
the bottom tram surveys An additioral edimate of the age composition of the population in 1973 was
available from a bottom trawl survey of the GOA. Length frequency datacollected fromtheEIT survey are
alsoincludedinthemodel, asishistorica infor mation on pollock size camposition obtained from theJapanese
Pacific ocean perch fishery from the period 1964—1975 (Hollowed et a. 1991). Recent assessments have
explored the impact of predation mortality by arrowtooth flounder, Pacific halibut, and Stdler sea lionsby
incorporating time seriesof estimat ed predator biomass, the agecompasitionof pollock consumed by predators,
and estimated consunption rates (Hollowed et a. 1997).

The current age and sizedigtributionsof GOA pollock arediscussedin Hollowed et al. (1997). Theestimated
1997 age composition of pollock from the stock assessment model is shown in Figures 3.3-4 and 3.3-5. Ages
3through 15 represent therecr uited population, athough reliable estimates of abundance for ages 2 and above
exist. The age campaosition wasdominated by strong 1994year dass; large numbasfromthestrong 1988year
classwere still in the population. The estimated mean age of the recruited portion of the populationin 1999
was 4 years.

Over the last 15 years, NOAA'’ s Fisheries Oceanography Coordinated Investigations (FOCI) targeted much
of their research on undestanding processes influencing recruitment of pollack in the GOA. These
investigations led to the devd opment of aconceptual model of factorsinfluencing pollock recruitment (Kendall
et al. 1996). Bailey et a. (1996) reviewed 10 years of datafor evidenceof density dependert mortdity at early
lifestages. Their study reveded evidence of density dependent nortality only at the latelarval to early juvenile
stages of develgpment. Bailey & al. (1996) hypothesize that pdlock recruitment level scan be established at
any early life stage (egg, larval, or juvenile) depending on sufficient supply from prior stages. T hey labeled
this hypothesisthe supply dependent multiplelife stage control model. Inaparallel study, Megrey et a. (1996)
reviewed data from FOCI studies and idertified seveal eventsthat are important to pollock surviva during
the early life history. These events are climatic events (Hollowed and Wooster 1995, Stabeno et al. 1995),
preconditioning of the environment prior to spawning (Hermann et a. 1996), the ability of the physcal
environment to retain the planktonic life stages of pollock on the continental shelf (Bograd et a. 1994,
Schumacher et d. 1993), and the abundance and digribution of prey and predators on the shelf (Bailey and
Macklin 1994, Canino 1994, Theilacker et a. 1996). Thus thebed available data suggest that pollodk year-
class strengthis controlled by sequencesof bidtic and abiotic events and that population density is only one
of several factors influencing pollock production.

In both the BSAI and the GOA, cumulative inpacts of fishing mortality on age compasitionare influenced by
the selectivity of thefishery. The current age compositions of the stocks reflect afished population with along
catch history. Inany given year, the age composition of the stock isinfluenced by previous year-class strength.
The reproductive potential of the stock in a gven year depends on the biomass of gpawne's, as modfied by
abiotic and biotic conditions. Thus, the average age of unfished populations are likely to have varied
interannually due to oceanic and climate conditions. The NMFS's FOCI and the Coastal Ocean Program’s
Southeast Bering Sea Carrying Capacity (Seastern Bering SeaCC) regional study focuses research on
improving understanding of mechanisms underlying annual production of pollock stocks in the GOA and
eastern Bering Sea. NOAA’slong-term goal is to improve the ability to assess quantitatively the long-tam
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impact of commercia removals of adult pollock on futur e recruitment by combining the findings of process-
oriented research programs suchas FOCI and SeasternBering SeaCCwithNM FS' songoing studies of species
interactions, fish distributions, and abundance trends. T his supplementa environmenta impact statement
(SEIS) does not seek to evaluate the range of mean ages that could have occurred in the absence of fishing.

AcceptableBiological Cach as Recommended in the Most Recent Stock Assessments

Eastern Bering Sea pollock fell into Tier 3a of the acceptable biologicd catch (ABC) and overfishing levels
(OFL) definitions in 1999, which require rdiable estimates o biamass, B,,,, and fishing mortality, F,.,, and
F.q.- Under the definitions and current stock conditions, the overfishing fishing mortality rateis the F;,, rate,
whichis0.65 for pollock and equates to ayield of 1.5 million metrictons(mt) (landli et al. 1999). The ABC
(using Frsc = F,q) for pollock givesa yield of 1.139 million mt. Thistota allowable catch (TAC) was set
equal to the ABC value, recogni zing that the F,,,, rate was wel below estimatesmade far F,,g,. Thislower
levd has been adjusted downward to providea consavative harvest rate, which more accurately reflects the
degree of uncertainty.

In 1999, GOA pollock fell into Tier 3 of the ABC/OFL definitiors, which reguirereliabl eestimates of biomass,
B,o., and fish mortality F,,,, and F,,,. Under the definitions and current stock conditions, the ovefishing rate
isthefishingmortality rate that reduces thespawner stock biomassto 35 percent of itsunfi shed level (the F,,,
rate). In 1999, the full recruitment fishing mortality F,.,, rate was0.50 for pollock and equated to ayield of
130,758 mt for 2000 for thecentral and western GOA (Dorn et a. 1999). The projected 2000 spawning stock
biomassfdl below B, therefore, the maximum allowable fishing nmortality rate for ABC (F,gc) Was the
adjusted F,q, rate 0.34 (Dorn et d. 1999). ThisF,,. trandated to ayidd projection o 111,306 mt in 2000
for thewegernand centrd regons. The2000 Council ABC level was 100,000 mt for thewegernand centrd
regions, which was equival ent to the recommended stock assessment ABC, and equivalert tothe TAC. Current
harvest rat es were set to ensure a healthy spawning stock, large enough to ensur e successful recruitment over
long time and recruitment variatiors.

2000 ABC 2000 TAC 1999 Catch
1,139,000 (BSAI) 1,139,000 (BSAI) 890,500 (BSAI)
100,000 (GOA) 100,000 (GOA) 93,400 (GOA)

3.3.1.2 Pacific Cod
Stock Description and Life History

Pacific cod isa demersal speci esthat occurs on the continental shelf and upper d ope from SantaMonicaBay,
Cdlifornia through the GOA, Aleautian|slands and eastern Bering Seato Norton Sound (Bakkaa1984). The
Bering Searepr esents the center of greatest abundance, although Pacific cod are al so abundant in the gulf and
Alagttianldands. GOA, Bering Sea, and Aleutian Idands cod stocks ar e genetically indistinguishable (Grant
et al. 1987), and tagging gudies show that cod migrate seasonally ove large areas (Shimada and Kimura
1994).

In the late winter, Pacific cod converge in large spawning masses over relatively smal areas. Major
aggregations ocour between Unalaska and Unimak Islands, southwest of the Pribilof 19 ands, and near the
Shumagin group in the western GOA (Shimada and Kimura 1994). Spawning takes place in the
sublittoral-bathya zone near the bottom—the ar ea of the continental shelf and slope about 40-290 m deep.
The eggs sink to thebottom and are somewhat adhesive (Hirschberger and Smith 1983).
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Figure 3.3-4 Estimated population at age for walleye pollock in the western and central
regulatory areas of the Gulf of Alaska, 1990-1997. Source: NMFS



Figure 3.3-5 Estimated population at age for walleye pollock in the western and central
regulatory areas of the Gulf of Alaska, 1972-1979. Source: NMFS



Pacific cod reach a maximum recorded age of 19. Estimates of natura mortality vary widely, ranging from
0.29 (Thompson and Shimada 1990) t00.83-0.9 (Kechen 1964). For stock assessmert purposes, a value
of 0.37 is used in both the BSAI (Thompson et d. 1999) and the GOA (Thompsonand Dorn 1999). In the
BSALI, 50 percent of Pacific cod areestimated to reach maturity by thetimethey reach 67 cmin length, or an
age of about 5years (Thonmpsonand Dorn 199). The same length in the GOA stock corresponds to an age
of about 7 years (Thompson & al. 1999)

Trophic Interactions

Pacific cod are omnivorous. Inthe BSAI and GOA, intermsof percent occurr ence, the most important items
were polychaetes, amphipods, and crangonid shrimp. Intermsof numbersof individua organisms consumed,
the most important items were euphausiids, miscellaneous fishes, and amphipods. In terms of weight of
organisms consumed, themost important items were pollock, fishery offal, and yellowfin sole. Small Pacific
cod werefound to feed maostly oninvertebrates, while large Pacific cad are mainly piscivorous (Livingston
1991b). Predators of Pacific cod include halibut, salmon shark, northern fur seals, Steller sea lions, harbor
porpoises, various whal e species, and tufted puffins (Westrheim 1996).

Fishery

The Pacific cod fishery isthe second largest Alaskan groundfish fishay. In 1999, Pacific cod constituted 12
percent of the groundfish catch in the BSAI and 30 percert of the groundfish catchin the GOA. Thefishery
for Pacific codis condudedwithbottom trawl, longline pot, ard jig gear. Of these, thefishe'y conducted with
jig gear is by far the smalled. Morethan 100 vessels participate in each of the threelar ger fisheries. Theage
at 50 per cent recruitment varies between regions. For trawl, longline, and pot gear, the age at 50 percent
recruitment in the eastern Bering Seais approximat ey four, four, and five years, respectively (Thompson and
Dorn 1999). For dl three gears, the age at 50 percert recruitment inthe GOA is approximatdy Sx years
(Thompson et al. 1999). The trawl fishery is typically concentrated duringthefirg few months of theyear,
whereas fixed-gear fisheries may sometimes run essentially year-round. Bycatch of crab and hdibut often
causes the Pacific cod fisheries to close prior to reaching the TAC. In the eastern Bering Seg, trawl fishing
is concentrat ed immediately north of Unimak Isleand, whereas thelonglinefishery is distributed along the shelf
edgeto thenorth andwest of the Pribilof | dands. Inthe GOA, thetrawl fishery has centers of activity around
the Shumagin Idands and south of Kodiak Island, whilethe londinefishey islocated primarily inthe vicinity
of the Shumagins. Pacific cod is also taken as bycatch in a number of trawl fisheries. In the eastern Bering
Sea, Pacific cod is taken as bycatch in the trawl fisheries for pollock, yellowfin sole, and rock sole. Inthe
Aleutian Idands region, Pacific cod is taken asbycatch in the trawl fishery for Atka mackerel. Inthe GOA,
Pacific cod is taken as bycatch in the trawl fisheries for shallow water flatfish, arrowtooth flounder, and
flathead sole. Since 1998, discarding of Pecific cod has been prohibited except fisheriesin which Pacific cod
has bycatch only status.

Stock Assessment

Beginning withthe 1993 BSAI SAFE report (Thompsonand M ethot 1993) ard the 1994 GOA SAFE repart
(Thompson and Zenger 1994), alength-based synthesismodel (M ethot 1990) hasformed the primary analytical
tool used to assess Pacific cod. Although the Pacific cod gocks in the eastern Bering Sea and GOA are
modeled separately, the modd structures in recernt years have been idertical (Thonpson and Dorn 1999,
Thompson et al. 1999). Noformal assessment modd exists for theAleutianIdands por tion of the BSAI stock.
Instead, results fromthe eastern Beaing Sea assessmert are inflated proportiorally to account for Aleutian
Idands fish.
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Annual trawl surveysin theeastern Bering Sea and triemial trawl surveys in the Aleutian 1slands and GOA
are the primary fishery-independent sour ces of data for Pacific cod stock assessments (T hompson and Dorn
1999, Thompson et al. 1999). For themost recent assessmerts, fishery size compositions were available by
gear, for the years 1978 through the first part of 1997. The catch history was divided into two portiors,
determined by the relative importance of the domestic fishery. A pre-domestic portionwas defined as those
years in which thedomestic fishery took less than half the catch, and a domestic portion was defined as those
yearsin whichthe damestic fishey took at least haf the catch. Withi n each year (in both porti ons of thetime
series), catches were divided according to three time periods. January-May, June-August, and
September-December. This particular division, whichwassuggested by participantsintheeastern Bering Sea
fishery, isintended to reflect actual intra-annua diff erencesin fleet operation (e.g., fishing operations during
the spawning period may bedifferent than at other times of year). Four fishe'y sizecomposition camporents
wereincluded in the likeli hood functions used to estimate model parameters. the period 1 trawl fishery, the
periods 2-3 trawl fishery, the longline fishery, and the pot fishery. In addition to thefishery size composition
compaonents, likelihood componentsfor the size composition and biomasstrend from the bottom trawl surveys
were included in the model. All components were weighted equally.

Quantities etimated in the most recent stock assessments include parameters governing the sdectivity
schedules for each fishery and survey in each portion of thetime series, parameters governing thelength-at-age
relationship, popu ation rumbersat age for theinitial year in thetimeseries, and recruitmentsin each year of
thetimeseries. Given these quantities, plus parameters governing natur al mortality, survey catchability, the
maturity schedule the weght-at-length relationship, and the amount of spread surr ounding the length-at-age
relationship, the stock assessments reconstruct the time series of numbers at age and the population biomass
trends (measured in terms of both total and spawning biomass). The mode around which the most recent
Pacific cod assesaments are structured uses an assumed survey catchability of 1.0 and an assumed ratural
mortality rateof 0.37. Other ocutputs of the assessments include projections of biomass and harvest under a
variety of referencefishing mortality rates. Based on theseprojections, the scientists responsiblefor conducting
the assessments recommend apair of ABC vauesfor the coming year (one valuefor the BSAI and onefor the
GOA).

Pecific cod is currently managed under Tier 3 of the Council's ABC and OFL definitions (Amendmert 56 to
each of the respective fishery management plans [FMPs]). Management under Tier 3 requires reiable
estimates of prgeded biomass, B,y,,, F.q, (for ABC), and F,,, (for OFL).

ABC as Recommended inthe Most Recent Stock Assessments

Under Tier 3 of Amendment 56 to the BSAI and GOA groundfish FMPs, the maximum permissible ABC
depends on the relationship of projected spawning biomassto B,,,,. For the BSAI, the basemodel inthe 1999
assessment projected a 2000 spawning biomass of 355,000 mt, about 6 per cent bel ow the B,,,, estimate of
379,000 mt, leading to a maximum permissible ABC of 206,000 mt (Thompson and Dorn 1999). For the
GOA, the basemodel inthe 1999 assessmert projected a 2000 spawning biomass of 111,000 nt, about 12
percent above the B,,, estimate of 98,800 nt, leading to a maximum permissible ABC of 86,000 mt
(Thompson et al. 1999). Todeterminewhether ABC should beset at themaximum permissiblelevd, the 1999
assessients presented a decision-theoretic analysis of the statistical uncertainty surrounding the respective
modd’ s projected F,,,, catch level, specifically the uncertainty associated with the assumed values of the
natural mortality rate (M = 0.37) and survey catchability coefficient (q = 1.0). These andysesresulted in a
recommended 2000 ABC of 193,000 mt for the BSAI and 76,400 mt for the GOA.
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2000 ABC 2000 TAC 1999 Catch
193,000 (BSAI) 193,000 (BSAI) 174,000 (BSAI)
76,400 (GOA) 59,800 (GOA, excluding state wate's) 73,600 (GOA)

3.3.1.3 Flathead Sole

Flathead sole (Hippoglossus elassodon) is dstributed fram northern California narthward throughout Alaska
(Wolctira et al. 1993). In the northern part of its range, it overlaps with the related and very similar Bering
flounder (Hippoglossoides robustus) (Hart 1973). Becauseit is dfficult to separate thesetwo spedesat sea,
they are currently managed asa single stock (Walters and Wildebuer 1997). Adults are berthic and occupy
separatewinter spawning and summer feeding distributions. From ovewintering groundsnear the continertal
shelf margin, adults begin amigration onto the mid and outer continental shelf in April or May. The spawning
period occursin the spring, primarily in deeper waters near the margins of the cortinental shelf (Waltersand
Wilderbuer 1997). Eggs arelarge and pelagic. Upon hatching, the larvae are planktonic and usually inhabit
shallow areas(Waldronand Vinter 1978). Exact age and sizeat maturity are unknown, but recruitment to the
fishery begins at age 3. The maximum age for flathead soleis approximatdy 20years An estimated natural
mortality rate of .20 is usedfor stock assessment (Turnock et al. 1997a, Waldron and Vinter 1978). Flathead
sole feed primarily on invertebrates such as amphipods and decapods. In the eastern Bering Sea, other fish
Speci esrepresented 5-25 percent of thedid (Livingston & al. 1993). Flathead sole aretaken in bottom trawls
both as a directed fishey and inpursuit of other bottom dwelling species.

The following information is available to assess the unit stock condition:

Data Component Yearsof Data
Fishery catch (volume) 1977-1999
Foreign fishey (size composition data) 1977-1989
Domestic fishery (size campasition data) 1990-1998
NMFS trawl survey (est. biomass estimates 1982-1999

and std. aror)

NMFS trawl survey (size composition data) 1982-1999
NMFS trawl survey (age compasition data) 1982, 1985, 1992, 1995

Annual trawl survey biomass results have been the primary data component used to assess stock level since
1982, athough all the above information was dso i nput into a length-based stock assessment modd (Spencer
et a. 1999). The outputs include estimat es of abundance, spawning biomass, fishery and survey selectivity,
exploitation trends, and projections of futurebiomass. The model also estimates reference fishing martality
ratesinterms of theratio of femae spawni ng biomassto unfished levelswhi ch, when consider ed with pr ojected
futurebiomass, are used to calculate ABC. The stock assessment is updat ed annually at the conclusion of the
summer trawl survey ard is incorporated into the BSAI SAFE report.

Flathead sole are currently managed under Tier 3 of the Council’s ABC and OFL definitions (Amendment 44
tothe FMP). Management unde Tier 3 requiresreliable estimates of projeded biomass, By, Faq, (for ABC),
and F,,,, (for OFL). Since theprojectedflathead ol efemal e gpawning biomass for 2000 is greater than B,y
(261,300 > 133,800), F,q,, ( the upper limit on ABC), isrecommended asthe F .. harvest reference point for
2000. The 2000 TAC iswell below the ABC and the 1999 catch was only 23 pecert of the 1999 TAC, as
follows:
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BSAI 2000 ABC BSAI 2000 TAC BSAI 1999 Catch

73,500 52,652 17,777

For information on flathead sole assessment inthe GOA see Section 3.3.1.8.
3.3.1.4 Rock Sole

Rock soleare distributed from southe'n California northward through Alaska (Wolcotiraet a. 1993). Two
speci es of rock sole occur inthe North Pacific Ocean, a northern rock sole (Lepidopsettasp. cf. bilineata), and
a southern rock sole (L. bileneata). These species have an overlapping distribution in the GOA, but the
northern species primarily comprise the BSAI populations, where they are managed as a single stock
(Wilderbuer and Walters 1997). Adults are benthic and, in the eastern Bering Sea, occupy separ ate winter
(spawning) and summertime feeding distributions on the corntinental shelf. Spawning takes place during the
late winter-early spring, near the edgeof the continental shelf at depths of 125t0 250 m. Eggs aredemersal
and adhesive (Forrester 1964). The estimated age a 50 per cent maturity for female rock sole is9-10 years
at alength of 35 cm (Wilderbuer and Walters 1997b). T he best estimate for natural mortality is0.18 for the
BSAI (Wilderbuer and Walters 1992) and0.20 for the GOA (Turnock etal. 1997a). Rock sole areimportant
as the target of a high-value bottom trawl roe fishery occurring in February and March, which accounts for
the mgjority of the BSAI catch. Although female rock sole are highly desirable when in spawning condition,
large amountsare discarded in ather trawl fisheries during the rest of the year. Commercial harvest occurs
primarily on theeastern Bering Sea continental shelf and inlessa amounts in the Aleutian Islands.

Northern and southern rock sole are managed as a single unit in the BSAI. Rock sole are abundant on the
eastan Bering Seashdf andto alesser extentinthe Aleutian Islands. Thisspeciesrepresentsadata-rich case,
in which the following information is available.

Data Component Y ears of Data
Trawl fishery (data catch at age) 1980-1998
Trawl surveys (population age composition) 1975, 1979-1998
Fishery catch (volume) 1975-1999
Trawl survey (est. biomass estimatesand std. eror) 1982-1999
Trawl surveys (maturity schedule) 1993-1994
Trawl surveys (mean weight at age) 1985-1988

The time-series of fi shery and survey age compaositionsa lowsthe use of an age-based stock assessment mode

astheprimary ana ytical tool (Wilderbuer and Walters 1999). The outputs include estimates of abundance,

spawning biomass fishery and survey sdlectivity, exploitation trends, and projections of futurebiomass. The
model also estimates reference fishing mortality rates in terms of theratio of female spawning biomass to
unfished level s, which, when considered with prgected futurebiomass, are used to calculateABC. The stock
assessment is updated annually at the conclusion of the summer trawl survey andis incorpor ated into the BSAI

SAFE repart.

Rock sole are currently managed under Tier 3 of the Council’s ABC and OFL definitions (Amendment 44 to
the FMP). Management under Tier 3requiresreliable estimates of prgeded biomess, By, F.q, (for ABC)
and F,,,, (for OFL). Since the projected rock sole femae spawning biomass for 2000 is greater than B,
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(675,500 > 284,700), F,, (theupper limit onABC), is recommended asthe F,;. harvest reference point for
2000.

BSAI 2000 ABC BSAI 2000 TAC BSAI 1999 Catch

230,000 mt 134,760 mt 40,362 mt

For information on rock sole assessmert in the GOA, see Section 3.3.1.8.
3.3.1.5 Greenland Turbot

Greenland turbot (Reinhardtius hippoglossoides)are distributed from Bgja California narthward throughout
Alaska, although they are rare south of Alaska and primarily dstributed inthe eastern BSAI (Hubbs and
Wilimovsky 1964). Juvenilesare beieved to spend thefirst three or four years of lifeon thecontinental shelf,
then move to the continental dope as adults (Alton et d. 1988, Templeman 1973). Greenland turbot are
demersal to semipelagic. Unlike most flatfish, the Greenland turbot’ s migrating eye does nat move completely
to oneside, but stops at the top o the head, which presumably resultsin a greater field of visionand helpsto
explain this species’ tendency tofeed off theseabatom (deGroat 1970). Spawningoccursinwinte and may
be protracted, starting as early as September and continuing until March (Bulatov 1983). The eggs are
benthypedagic (suspended in the water column near the bottom) (D'yakov 1982). Juvenil es are absent in the
Aleutian Islands, suggeding that populations in that area originate from elsewhere (Alton @ al. 1988).
Greenland turbot are a moderat ey long-li ved species, with a maximum recorded age of 21 years (lanelli and
Wilderbuer 1995) andan estimatednatural mortalityrate of 0.18 (landli et a. 1997). Pelagicfish arethemain
prey of Greenland tur bot, with pollock often amajor speciesin thediet (Livingston 1991b). Greenland turbot
also feed on squid, euphausiids, and shrimp.

Abundance of juvenile Greenland turbot is estimatedin the eastern Bering Sea by an annual trawl survey and
inthe Aleutian Islands by a triennial trawl survey. Abundance of adults has been estimated by trawl slgpe
surveys conducted coopeatively by the United States and Japan. Inthe GOA, abundanceis estimated by the
triemial trawl survey. A lack of deep water samples, however, creates a high degres of uncertainty for these
estimates (Turnock et al. 1997b). The biomass of Greenland turbot in the BSAI inaeased during the1970s
and is currently estimated to be about half of the unfishedlevel. A lack of recruitment success during recent
years has led to extra caution in sdting harvest levels. Greenland turbot is a rdatively valuable species;
however, because of low ABC and TAC amounts, itis primarily abycatch-only fishery. They are caught both
in bottom trawls and on longlines.

The resource in the BSAI is managed as asingle stock. The following information is available to assess the
stock condtion of Greenland turbot in the BSAI.

Data Component Yearsof Data

Trawl survey (size & age) 1975, 19791982

Shelf survey (size composition and est. biomass) 1979-1999

Slope survey (size conmposition and est. biomass) 1979, 1981, 1982, 1985, 1988, 1991

Longlinesurvey (size composition and abundance 1983-1993

index)

Total fishay (catch data) 1960-1999

Trawl fishey (catch pe unit of éfort [CPUE] index) 1978-1984

Trawl fishey (sizecompasitiorns) 1977-1987, 19891991, 1993-1998
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Data Component Years of Data
Longline catch (size composition) 1977, 19791985, 1992-1998

The time-series of fishery and survey length compositions alows the use of a length-based stock assessment
modd (lanelli eta. 1997). Theoutputsinclude estimates of abundance, spawning biomass, fi shery and survey
sdlectivity, exploitation trends, and projections of future biomass. The model aso estimates reference fishing
mortality rates in terms of the ratio of female spawning biomass to unfished levels, which, when cons dered
with prgeded futurebiomass are usedto calculate ABC. The stack assessment isupdated annually at the
condusion of the summer tram survey andisincorporated into the BSAI SAFE report.

Greenland tur bot are cur rently managed under Tier 3 of the Council’s ABC and OFL definitions (Amendment
44 to the FMP). Management under Tier 3 requires rdiable estimates of projected biomass, B,y,,, F,q,, (for
ABC), and F;,, (for OFL ). Sincethe projected Greenland turbot female spawning biomassfor 2000 isgreater
than B, (165,000 > 81,300), F,,,, is considered the upper limit on ABC. However, the recommended F ;.
for 2000is 25 percent of F,,,, dueto thelack of recr uitment for the past 25 year s and the anticipated declining
futur e stock condition.

BSAI 2000 ABC BSAI 2000 TAC BSAI 1999 Catch

9,300 9,300 5,776

For information on the Greenand turbot assessmert in the GOA, see Section 3.3.1.8.
3.3.1.6 Ydlowfin Sole

Y ellowfinsole (Limanda aspera) is distributed from British Columbiato the Chukchi Sea(Hart 1973). Inthe
Bering Sea, it isthe most abundant flatfish speciesand is the target of the largest flatfish fishery in the United
States. While also found in the Aleutian Islands and GOA, thestock is of mudh smaller sizein those areas.
Adults are benthic and occupy separate winte and oring/'summer spawning and feeding grounds  Adults
overwinter near the shelf-slope break at appr oximately 200 m and move into nearshorespawning areasasthe
shelf ice recedes (Nichol 1997). Spawning is protracted and variable, beginning as early as May and
continuing through August, occurring primarily in shellow water at depths less than 30 m (Wilderbuer et al.
1992). Eggs, larvaeand juveniles are pelagic and usudly are found in shallow areas (Nichol 1994). The
edimated age at 50 percent maturity is 10.5 years at alength of gpproximately 29 cm (Nichol 1994). The
natural mortality rate likely fallswithin the range of 0.12 to 0.16, with a maximum recorded age of 33 years
(Wilderbuer 1997). Y ellowfin solefeed primarily on benthic invertebrates, with polychaetes, amphpods,
decapods, and dams dominating thediet inthe eastern Bering Sea (Livingston 1993).

Y ellowfinsolestockswer e overexploited by foreignfisheriesin 1959-1962. Sincethat time, indices of relative
abundance showed majar increases in abundance during thelate 1970s, and Snce1981, while abundance has
fluctuated widely, biomass estimates indicate that the population remains high and stable. Information on
yellowfin sole stock conditions inthe BSAI comes primarily from the annual eastern Bering Seatrawl survey.

Estimates of ydlowfin sole biomass derived from these surveys have been mare variable than would be
expected for a comparatively long-lived andlightly exploited species (Wilderbue 1997). Thereason for this
variability is not known. However, Nichol (1997) hypothesized that much of the yellowfin sole resource is
found at depthslessthan 30 m during the summer when bottom trawl surveysare conducted. This could cause
the survey to underestimat e the abundance of yellowfin sole.
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In the Bering Sea, ydlowfin sole are considered as one stock for management purposes. The following
information is availablefor stock assessmert.

Data Component Yearsof Data
Trawl fishery (catch at age) 1964-1998
Trawl survey (population age composition) 1975, 1979-1998
Fishery catch (volume) 1982-1999
Trawl survey (biomass estimates and std. aror) 1954-1999
Trawl surveys (maturity schedule) 1992-1993
Trawl surveys (mean weight at age) 1979-1990

The time-series of fi shery and survey age compasitionsa lowsthe use of an age-based stock assessment mode
(Wilderbuer 1997). The autputs include estimates of abundance spawning biomass, fishery and survey
selectivity, exploitation trends, and projections of futurebiomass. The model aso estimates reference fishing
mortdlity rates in terms of the ratio of female spawning biomass to unfished levels, which, when consdered
with prgeded futurebiomass, are used to calculate ABC. The stock assessment is updated annualy at the
condusion of the sunmer tram survey andisincorporated into theBSAI SAFE report.

Y ellowfin sole are currently managed unde Tier 3 of the Coundl’s ABC and OFL ddinitions (Appendix 1;
Amendment 44). Management under Tia 3 requires reliableestimates of projected biomass, By, Fag, (fOr
ABC), and F,,, (for OFL). Since the projected yellowfin sole female spawning biomass for 2000 is greater
than B,,, (789,300 > 576,600), F,,, ( the upper limit on ABC), isrecommended asthe F,;. harvest reference
point far 2000.

BSAI 2000 ABC BSAI 2000 TAC BSAI 1999 Catch

191,000 mt 123,262 mt 67,392 mt

For information on the GOA ydlowfin sole assessment, see Section 3.3.1.8.
3.3.1.7 Arrowtooth Flounder

Arrowtooth flounder is common from Oregon through the eastern Bering Sea (Allen and Smith 1988). The
veay similar Kamchatka flounder (Atheresthes evermanni) also occur s in the Bering Sea. Because it is not
usually distinguished from arrowtooth flounder in commercial catches, both species are managed as a group.
Arrowtoothflounder isareatively large flatfish thet occupies continental shelf watersalmost exclusively until
age 4, but at older ages occupi es both shelf and dope waters, with concentrations at dept hs between 100 and
200 m (Martin and Clausen 1995). Spawning is protracted and variable and probably occur sfrom September
through March (Zimmermann 1997). For female arrowtooth flounder collected off the Washington coast, the
edimated age at 50 percent maturity was 5 years, with an average length of 37 cm. Males maturedat 4 years
and 28 cm (Rickey 1995). Values of 50 percent maturity for the Bering Sea stock are 42.2 cm and 46.9 cm
for males and females, respectively (Zimmerman 1997). The maximum reported ages are 16 years in the
Bering Sea, 18 yearsin the Aleutian Islands, and 23 yearsin the GOA, with a retural mortality rate used for
assesament purposes of 0.2 (Turnock et al. 1997b, Wilderbuer and Sarmple 1997).

Arrowtooth floundersare impartant as alarge and abundant predator of ather groundfishspecies. Adultsare
almost exclusively piscivarous and over haf their diet can consist of pollock (Livingston 1991b). Currently,
arrowtoath flounder have a low perceived commercial value because the flesh softens soon afte capture due
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to protease enzyme activity (Gresne and Babhitt 1990). Enzyme inhibitors such as beef plasma have been
found to counteract this flesh-sdftering activity, but suitable markets have not been established to support
increased harvests. Thus, arrowtooth flounder areprimarily caught by bottom trawlsas bycatch in other high-
value fisheries. Stocks are lightly exploited and appear to be increasing in both the GOA and the BSAII.
Information on arrowtooth flounder stock conditions in the BSAI comes primarily fromthe annual eastem
Bering Seashelf trawl survey. Limited information isalso availablefrom past slope surveys (1981-1991) and
catch sampling of the commercia fishery.

Information on Bering Sea arrowtoath flounder is available from thefollowing sources:

Data Component Yearsof Data
Fishery catch (volume) 1970-1999

Shelf survey (est. biomass and std. error) 1982-1999

Slope survey (est. biomass and std errar) 1981, 1982, 1985, 1988, 1991
Shelf survey (size conposition by sex) 1979-1999

Slope survey (size composition by sex) 1981, 1982, 1985, 1988,1991
Fishery catch (Iength-frequencies from 1978-1991
observes)

The time-series of fishey and survey sizecompasitions allowsthe useof a size-based st ock assessment model
(Wilder buer and Sample 1997). The output sinclude estimat es of sex-specific abundance, spawning biomass,
fishery and survey selectivity, exploitationtrends, and projections of futurebiomass. Themodel alsoestimates
reference fishing mortality ratesin terms of the ratio of female spawning biomass to unfished levels, which,
when considered with projected fut ure biomass, are used to caculate ABC. T he stock assessment is updated
annually at thecondusion of the summer tram survey andis incorporated into the BSAI SAFE report.

The refaence fishing mortality rate and ABC for arowtooth flounder are deteemined by the amount of
populationinformationavailable(Appendx 1; Amendment44). Arrowtooth flounder aremanaged under Tier
3 of the ABC/OFL definition since equilibrium recruitment could be appr oximated by the aver age recruitment
from thetime-series estimated in the stock assessment, and B, ,, F,q.,, a8 F ., couldbe estimated. Inthe 1999
assessiment, projected B,y, > B,y (496,000 mt > 194,600 mt) dlowing the F,,,, fishing mortality rate (the
upper limit) to be recommended for calaulating ABC. The 2000 Council TAC was set equal to the ABC.
Increased future harvest is likely constrainad by Pacific halibut bycatch limtations.

BSAI 2000 ABC BSAI 2000 TAC BSAI 1999 Catch

131,000 mt 131,000 mt 10,679 mt

Information on GOA arr owtooth flounder used for stock assessmentsis available from the following sources:

Data Component Yearsof Data
Fishery catch (volume) 1960 to 1999
Interrational Pacific Halibut Cammission (IPHC) traw! (est. 1961 to 1962
survey biomass and std. errar)
NMFS exploratory resear ch trawl survey (est. biomass and 1973 t0 1976
std. gror)
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Data Component Y ears of Data

NMFES triennial trawl survey (est. biomass and std. erraor) 1984, 1987, 1990, 1993, 1996, 1999

Fishery catch(sizecompasitions) 1977 t01981, 1984 to 1993,
1995 to 1996

NMFES triennial trawl survey (sizecompgsitions) 1984, 1987, 1990, 1993, 1996, 1999

NMFS GOA groundfish surveys (length-at-age data) 1975, 1977 to 1978, 1980 t0 1983

NMFS triennial trawl survey (length-at-age data) 1984, 1987, 1990, 1993, 1996

Current abundance estimates indicate that arrowtooth flounder have the largest biomass of the groundfish
gpeci es inhabiting the GOA. Thetime-series of fi shery and survey size compositionsallowsthe use of a size-
based stock assessment modd (Turnock e al. 1997b). The autputs include estimates of sex-specific
abundance, spawning biomass, fishery and survey selectivity, explatation trends, and prgedions of future
biomass. The model also estimates reference fishing martality ratesin terms of the ratio of female spawning
biomass to unfished levels, which are used to calculate ABC. The stock assessment is updated annually and
incarporated into the GOA SAFE report.

The reference fishing mortality rate and ABC for arrowtoath flounder are determined by the amount of
populationinformation available. Assuming that equilibrium recruitment can be approximated by the average
recruitment from thetime-saiesestimated inthestock assesament, B,,,, F.00,, aNd F4q, @reknown, andbecause
B,ooo > Bagy, (1,075,900 > 436,700), F,q, (the upper limit) is the recommended fishing martality rate to
calculate ABC. The 2000 Council TAC of 35,000 mt is wel beow the ABC of 145,360 mt recommended
from the stock assessment. Increased future harvest islikely constrained by Pacific halibut bycatchlimitations.

GOA 2000 ABC GOA 2000 TAC GOA 1999 Catch

145,360 mt 35,000 mt 16,062 mt

3.3.1.8 Other Hatfish

In the Bering Sea, eight other flatfish species are managed under the FIM Ps. Alaska plaice (Pleuronectes
guadriterculatus), rex sole (Glyptocephalus zachirus), Dover sole (Microstomus pacificus), sary flounder
(Platichthys stellatus), English sole (Parophrys vetulus), butter sole (Isopsetta ilepis), sand sole
(Psettichthys melanostictus), and deepsea sole (Embassichthys bathybius). Adults of all species are benthic
and occupy separate winter spawning and summer feeding grounds. Adults overwinter in deeper water and
moveinto nearshore spawning aress inthelatewinter and spring. Spawning takes place asearly asNovember
for Dove sole (Hagerman 1952) but occursfrom February through April for mast species (Hart 1973). All
flatfish eggs are pelagic and sirk to the bottom shortly before hatching (Alderdice and Forreste 1968,
Hagerman 1952, Orcutt 1950, Zhang 1987), except for butter sole, which has demersal eggs (Levings 1968).

Inthe Bering Sea, Alaskaplaiceisthe most abundant andcommerciallyimpartant of theother flatfish spedes.
It is a comparatively long-lived species, and has frequently been aged as high as 25 years. For stock
assessment purposes, a natural mortality rate of 0.25 isused (Wilderbuer and Walters 1997b). Alaskaplaice
appear to feed primarily on pdychages, marine worms, and othea benthic invertebrates (Livingston and
DeReynier 1996, Livingston et d. 1993). For the other seven speciesin the BSAI other flatfish management
category, littleisknown of their feed ng habits, spawning, growth characteristics, or seasonal movements and
population age and size structure.
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In general, other flatfish aret aken as bycatch in bottom trawl fisheriesfor other groundfish. Alaskaplaiceare
alsotaken indirected battomtrawl fisheries in the eastem Bering Sea. Becauseother flatfish are generaly not
targeted, commercid catch datais of limited use for stock assessment purposes. The principal source of
information for evaluating the condition of other flatfish stocks in the BSAI is the annud eastern Bering Sea
shdf trawl survey.

A moderate amount of information isavailablefor Alaska plaicein the Bering Sea and is summarized below.

Data Component Years of Data

Trawl survey (catch number a age) 19711979, 1988, 1995
Trawl survey (total catch weight) 1971-1999

Trawl survey (age-edfic edimatesof proportion of mature 1971-1996

females)

Trawl survey (est. biomass estimates and std. eror) 1982-1999

Trawl survey (age composi tion) 1979, 1981, 1982, 1988, 19921995

Thetime series of fishery and survey age compositions alowsthe use of an age-based stock assessment model
(Spencer et al. 1999). The outputs include estimates of abundance, spawni ng biomass, fishery and survey
sdlectivity, exploitation trends, and projections of future biomass. The modd a so estimates referencefishing
mortdity ratesin terms of the rati o of female spawning biomass to unfished levels, which, when cons dered
with projected future stock abundance, are used to calculate ABC. For the rest of the species of the other
flatfish management group, annual trawl survey biomass estimates are considered the best information
availableto daerminethe stock biomass. The stock assessment is updated annually at the conclusion of the
summer trawl survey and isincorporated into the BSAlI SAFE report. Bering Sea management values are as
follows:

BSAI 2000 ABC BSAI 2000 TAC BSAI 1999 Catch
117,000 mt 83,813 mt 15,184 mt

The other flatfish species complex in the GOA is cur rently managed as four categories with separate ABCs:
shalow water flatfish, deep water flatfish, flathead sole, and rex sole. T he shallow water flatfish consist of
Alaska plaice, sary flounder, yel lowfin sole, English sole, butter sole, northern rock sole, and southern rock
sole. Deep water flatfish are Dove sole, Greenland turbot, and deepsea sole. Theshallow water category
catch in 1999 was about 60 percent rock sole (southern and northern combined), 15 percent butter sole, 11
percent starry flounder, 4 percent English sole, 4 percent yellowfin sol e, lessthan 1 percent Alaskaplaice, and
5 percent sand sde. The degp water catch is practically all Dove sole (over 99 percent in 1999).

The classification into the shallow water and deep water groups was due to significant differences in halibut
bycatch rates in directed fisheriestargeing on shallow and deep water flatfish species. Hathead sole were
assigned a separate ABC due tothear overlap in depth distribution o the shallow and desp water groups. In
1993, rex solewas split out of the degp water management category because of concerns regarding the Pacific
ocean perch bycatch inthe rex sole targd fishery. The information availablefor each species varies.

Data Component Yearsof Data
Trawl surveys(age camposition, nat all species) Various years
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Data Component Y ears of Data

Triennia bottom trawl survey (est. biomass and std. 1984, 1987, 1990, 1993, 1996, 1999
error)

Tota fishery catch (weight by management category) Various years

Trawl survey (size composition) 1984, 1987, 1990, 1993, 1996, 1999

Stock assessment modd s werenot used for any species here due to thelack of availableinformation (Turnock
et a. 1999b). Triennal trawl survey biomass estimates from 1984, 1987, 1990, 1993, 1996, and 1999 ae
considered the best information available to determine the stock biomass for all of the other flatfish species.

Thereferencefishing mortality rate and ABC for the flatfish management groups are determined by the amount
of populati on information available. Rock sole, for which maturity information from Bering searock soleis
deemed adequate, arein Tier 4 of the ABC and overfishing definitions, where Fosc = Fyg, aNd For, = Fagy,.
ABCsfor dl flatfish except rock sole, degpsea sole, and Greenland turbot were calculated using F g = 0.75
mand Fo;, = m (Tier 5), because maturity informationwas not available Natural mortality wasassumed to
be0.2for dl flatfish species except Dover sole, for whichmis0.1. Greenland turbot and degpseasolearein
Tier 6 because noreliable biomass estimates exig, whee ABC = 0.75 OFL andthe OFL = the average catch
from 1978 t0 1995.

TheTAC iswdl below the ABC far shallow water group andflathead sde. The ABC, TAC, ard catch are
summarized below. The TAC isessentia ly the sameasthe ABC for the deep water group and rex sole. The
flatfishfishery inthe GOA mainly targetsrock sole, rex sole, and Dover sole. T heflatfish catchis limited by
halibut bycatch and does na reach the TAC for any species group.

GOA Management Group  GOA 2000 ABC  GOA 2000 TAC GOA 1999 Catch

Shd low water 37,860 19,400 2,545
Deep water 5,300 5,300 2,285
Flathead sole 26,270 9,060 891
Rex sole 9,440 9,440 3,057

3.3.19 Sablefish

Sablefish(Anoploma firbria) arefound from northern Mexico tothe GOA, westwardto theAleutian | slands,
and in gulliesand deep fjords generally at depths greater than 200 m  Sabl €fish obseved from a manned
submersible were found on or within 1 m of the bottom (Krieger 1997). Studies have shown sabléefish to be
highly migratory for at least part of their lifecycle (Heifetz and Fujioka 1991, Maloney and Heifetz 1997), and
substartial movement betweenthe BSAI and theGOA has been documerted (Hefetz and Fujioka1991). Thus
sabldishin Alaskanwaters are assessed as a single stock (Sigle et al. 1999). Adults reach maturity at 4 to
5yearsand alength of 51 to 54 cm (M cFarlane andBeamish1990). Spawning ispdagic at depths of 300-500
m near the edges of the continentd dope (McFarlane and Nagata 1988). Juveniles are pelagc and appear to
move into compardively shallow nearshore areas where they spendthe first 1 to 2 years (Rutecki and Varosi
1997). Sabldisharelonglived, withamaximum recorded agein Alaska of 62 years(Siger @ al. 1997). For
stock assessments, a naturd mortality rate of about 0.10 has been estimated (Sigler & al. 1999). It appears
that sablefish are opportunistic feeders. Feeding studies conducted in Oregon and Califarnia found that fish
made up 76 per cent of the diet (Laidig et d. 1997). Other sudies, however, have found a diet dominated by
euphausiids (Tanasichuk 1997).
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Alaskan sablefish are considered a single stock and assessed in acombined area (BSAI and GOA) with anage-
structured model incorpor ating fishery and survey catch data and age and length compositions. Survey data
come from annual sablefish longline surveysin the GOA, and biennial longline surveys in the BSAI. These
surveysindicate that thestock size peaked inthe mid-1980sbecause of aseriesof strongyear sand hasdeclined
to lower levels ever since.

The stock assessment includes catch history, fishery description, assessment methods, abundance and
exploitation trends, and prgeded catch and abundance. Sablefish fall into Tier 3 of the ABC and OFL
defiritions which requires reliable estimates of biomass, B,q,,, Fis,, and F,q,. Under the definitions and
proj ected stock conditionsin 1999, the overfishing fishing mortality r ate wasthe adjusted F,,, rate, whichwas
0.136 for sabl efish and equatedto a combined stock yield of 21,400 mt. Projections for 2000 showed that the
maximum allowabl e fishing martality ratefor ABC (F ) Was theadj usted F,,, rate (0.109), which trand ated
toacombined stock yieldof 17,300 mt. The 2000 ABC recommendation was set at the adjusted F,,, rate. The
stock assessment authors also constructed an approximate probability figure on the odds of the year 2004
spawning biomassdropping below theprojectedyear 2000 level. They deermined that aconstant 5-year catch
scenario of 17,000 mt was appropriate far minimizing therisks of further stock declines.

Recent impartant year classesare 1997, 1995, and 1990, although the abundance estimatefor the 1997 whart
isunceatain becauseitis based ononly one year of data. Abundance hasfallen in recent year s because recent
recruitment is insufficient to replace strong year classes from the later 1970s, which are dying off. The
estimated mean age of the recruited portion of the populationis 7.3 years. The dominating factor determining
the age composition is the magnitude of the recruiting year dasses. The selectivity of the fishey has
cumulative impacts on the age composition due to fishing mortdity, and the current composition is also the
result of afished population with a several-decades catch history. How the current age composition of the
population compares with the unfished population is unknown.

The directed fishay for sablefishis conducted by longlings. Trawlersal so catch sablefish asbycatch in other
fisheries. A tiny amount of sablefishis caught by pot boats. By gear, the catchesin 1998 were langlines (90
percent), trawls (10 percent), and pots (less than 1 percent). The directed fishery occurs on the upper
continental slopeand afewdegp water gullies, thear easinhabited by adult sablefish. Theaveragediscard from
1994 to 1997 was 3 percert for all longline fisheries and 27 percent for al trawl fisheries.

Larval sablefish feed on a variety of small zooplankton, ranging from copepod nauplii to small amphipods.
The epipdagic juveniles feed primarily on macrozooplankton and micronekton (i.e., euphausiids). The older
demersal juveniles and adults appear to be opportunistic feeders, with food ranging from variety of benthic
invertebrates, benthic fishes, as well as squid, mesopelagic fishes, jellyfish, and fishery discards. Gadid fish
(mainly pollock) comprise a large part of the sablefish diet. Nearshoreresidence during ther second year
provi des the opportunity to feed on salmon fry and smolts during the summer months. Y oung-of-the-year
sablefishare commonly found in the stomachs of salmon taken in the southeast Alaskatrall fishery during the
late summer.

3.3.1.10  Rockfish

At least 32 rockfish species of the gener a Sebast es and Sebastolobus have been reported to accur in the GOA
and BSAI (Eschmeyer et a. 1984), and severd of them are of commercial importance. Pacific ocean perch
(Sebastes alutus) has histarically been the most abundant rockfish species in the region and has contributed
most to the commercial rockfish catch. Other species such as northern rockfish (S polyspinis), rougheye
rockfish(S. aleutianus), shortraker rockfish (S. borealis), short spine thornyheads (Sebastol obus alascanus),
yelloweye rockfish (Sebastes ruberrimus), and dusky rockfish (S. ciliatus) are also important to the overall
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rockfishcatches. The TAClevelsfor theseand all other rodkfish species are determined by theCouncil on an
annual basis Amnmong the main inputs needed for making this determination are the ABC and OFL
recommendations fromannud stock assessments candudted for each species and/or species assenmblage

Rockfishinthe GOA are currently managed asfour assemblages: (1) slope rockfish, (2) pelagic shelf rockfish,
(3) demersal shelf rockfish, and (4) thornyheads. Separate ABCs, OFL s, and TACs are set for each
assemblage, except for slope rockfish, which is further subdivided into four subgroups with separate ABCs,
OFLs, and TACs: (1) Pacific ocean perch, (2) shortraker androugheye rockfish, (3) northern rackfish, and (4)
other dope rockfish.

RockfishintheBSAI arecurrertly managed astwo assemblages (1) Pacific ocean perch complex and (2) ot her
rockfish. ThePacif ic ocean perch complex includes Pacific ocean perch, rougheyerockfish, shortraker r ockfish,
sharpchin rockfish, and northern r ockfish. For the eastern Bering Searegion, the Pacific ocean perch complex
is divided into two subgroups with (1) Pecific ocean perch and (2) shortraker, rougheye, sharpchin, and
northern rockfish combined. For the Aleutian Idands, the Pacific ocean perch complex is divided i nto three
subgroups: (1) Pacific ocean perch, (2) shatrake and rougheye rockfish, and (3) sharpchin and northern
rockfish. Separate ABCs, TACs, and OFLs are assigned to each subgroup. Other rockfish includes all
Sebastes and Sebastolobus species in the BSAI other than the Pacific ocean perch complex. Shortspine
thornyheads account for more than 90 per cent of the estimated biomass of the other r ockfish assemblagein the
BSAI.

Rockfish are assessed with @the an age-structured model or trawl-survey-based model, depending on the
management group. Pacific ocean perch areassessed with an age-str uctur ed model incorporating fishery and
survey catch and age compositiondata. Most other rockfish species are assessed based on trawl survey catch
data. Survey data are from the NMFS triennia trawl surveys. The stock assessments provide the best
available information. For all rockfish management groups, the assessment includes catch history,
characterizations of the fishery, assessment methodol ogy, and abundance and expl oitationtrends. Theresults
of the analyses, which are updated annually, are presated inthe GOA and BSAI stock assessment report,
whichisincarporated into the Cauncil’s SAFE reports.

Pacific Ocean Perch

Pacific ocean perch is primarily a demersal speciesthat inhabits the outer continental shelf and dope regions
of the North Pacific Ocean and the Bering Sea from southen Californiato Japan (Allen and Smith 1988). As
adults, they liveon a near theseafloar, generally in areas with smooth bottoms (Krieger 1993) and generaly
at depths ranging from 180t0 420 m. Thedi et of Pacific ocean perch appears to consist primarily of plankton
(Brodeur and Percy 1984); euphausiids are thesingle most important prey item (Y ang 1996).

Though moreisknown about the life history of Pacific ocean perch thanabout othe rockfishspecies (Kendall
and Lenarz 1986), much uncertainty still existsabout itslife history. Pacific ocean perchare viviparous, with
internal fertilization and the release of live young (Hart 1973). Insemination occursin thefall, and release of
larvaeoccursin April or May. Pacificocean perchlarvae arethought to bepelagic anddrift with the current.
Juvenil es seemto inhabit rockier, higher relief areas than adults (Carlson and Straty 1981, Kriega 1993).
Pacific ocean perch isa slow-growing species that, in theGOA, reaches maturity at approximatdy 10 years,
or 36 cminlength (Heifetz et al. 1997) and has a maximum life span of 90 years (Chilton and Beamish 1982).
The natural mortality rate likely is between 0.02 and 0.08 (Archibald et al. 1981, Chilton and Beamish 1982).

Pacific ocean perch isthe most commercially important rockfish in Alaska sfisheriesand istaken mostly with
bottom trawls. T he speci es supported large Japanese and Soviet trawl fisheries throughout the 1960s and is
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highly valued. Apparently, stocks were not productive enough to support the large removasthat took place,
and they declined thraughout the 1960s and 1970s, reaching their lowest levelsin the early 1980s. Since that
time, stocks have stabilized in the eastern Bering Sea, and increased in the Aleutian Islands and GOA.

A time-seriesof fishery and survey age conpositions allows the useof an age-based stock assessment model

for Pacific acean perch  The outputsinclude estimates of abundance, spawning biomass, fishery and survey
selectivity, exploitation trends, and projections of future biomass. Themodel usesther atio of femaespawning
biomassto that whichwould exist without fishing to estimate referencefishing martality rates. Thereference
fishing mortality rates areusedto calculate ABC, and theassessament isupdated annually.

In the GOA, Pacific ocean perch fall into Tier 3 d the ABC and OFL definitions, which requires reliable
egimates of biomass, B,yy,, F1,, and F,q,. Under the definitionsand cur rent stock conditions, the OFL fishing
mortality rate for Pacific ocean perch isthe F;,, adjusted rate, which is 0.078 for Pacific ocean perch and
equatestoayield of 15,385 mt. The maximum allowablefishing mortalityratefor ABC (F ) defined by Tier
3isthe F,,,, adjusted rate, whichis0.065 for Pacific ocean perch and translatesto a yield of 13,020 mt. The
stock assessment fishing mortaity ratefor ABC isequivaent to the maximum allowable fishingmortality rate.
The 2000 Council TAC level is 13,020, equal to therecommended dock assesament ABC.

The age and size distributions of Pacific ocean perch in the GOA are discussed in Hefetz et a. (1999).
Information is available from the 1984, 1987, 1990, 1993, and 1996 surveys. The dominating factor
determining age compaositi onisthemagnitude of therecruiting year classeswhichare highly variable. Thefirst
three surveys show a strong 1976 year -class, and the 1980 year-class agppears strong in the 1987 survey and
average inthe 1990 survey. The 1986 year- class appears strong in the 1990 survey, and exceptionally strong
in the 1993 and 1996 surveys. The selectivity of the fishery has cumulative impacts on the age composition
dueto fishing mortality, and it is nat certainhowthecurrent age compasition o thepopu ation would compare
to an unfished population.

Inthe GOA, the directed fishery for Pacific ocean perchisconducted by catcher- processor sand cat cher bottom
trawlers. The percentage of Pacific ocean perch taken by pelagic trawls has increased from 2 to 8 percent
during 1990-1995 andfrom 14 to 20 percent during 1996-1998. Factory traw ers continue to take nearly all
thecatchin the eastern and western GOA,; however, since 1996, the percentage of Pacific ocean perch in the
central GOA taken by shore-based trawlers has ranged from 28 percent to49 percert. The fishery generaly
ocaurs at depths between 150 m and 300 m aong the outer continental shelf, the upper continental slope and
at the mouth of gullies. Important Pacific ocean perch fishery locations include, in the eastern GOA, the gully
and slope southweg of Yakutat Bay and off Cape Omaney; in the centrd GOA, the shdf, dape, and gullies
off of Kadiak Island south of Portlock Bank and near Albatross Bank; and in the western GOA, the shelf and
slope sauth of Unimak and Urmak |slands.

Inthe GOA, Pacific ocean perch arecaught as bycatch (not necessarily discarded) in other directed fisheries
aimed mostly at other rodkfish species, Heifetz and Ackl ey (1997) andyzed bycatch in rockfish fisheries of the
GOA. Bycatchrates of Pacific oceanperch are highest in thepel agic shelf rockfish, other sloperockfish, and
shortspinethornyhead fisheries. I nfarmation on by catch in non-rockfish fisherieshas na been analyzed. Recent
discard rates (discards dvided by total catch) of Pacific ocean perch have been about 15 per cent (Heifetz et
a. 1997). 1n 1997, about 1,360 mt of Pacific ocean perch were discarded, compared toatotal catch o 9,500
mt.

During the summer of 1990, thedids of commercialy i mportant gr oundfish speci esinthe GOA wereanayzed
by Yang(1993). About 98 percert of the tatal stomach contert weght of Pad ficocean perch in thestudy was
made up of invertebrates and 2 percent of fish. Euphausids (mainly Thysanoessainermis) were the most

JANUARY 2001 CHAPTER 3 - DRAFT PROGRAMMATIC SEIS

3.3-28



important prey item. Euphausiids comprised 87 percent, by weght, of the total stomach contents. Caanoid
copepads, amphipads, arrow worms and shrimp were frequently eaten by Pacific ocean perch. Documented
predators of Pacific ocean perch include Pacific halibut and sablefish, and it is likely that Pacific cod and
arrowtoath flounder also prey on Pacific ocean perch. Pelagic juveniles are consumed by salmon, and benthic
juveniles are eaten by lingcod and ather demersal fish (NMFS 1997D).

Inthe BSAI, Pacific ocean perch ar e assessed with an age-structured model incorporating fishery and survey
catch data and age compositions. Survey data ar e from the NMFS triennial trawl groundfish surveys and the
fishery data comes from the observer program. The stock assessment is based on the best available
information. It includes catch history, characterizations of the fishery, assessment methodology, abundance
and exploitation trends, and projected catch and abundance trends for a range of fishing mortalities and
recruitment assumptiors (Ito et al. 1999). The assessments for the other species in the Pacific ocean perch
complex and for the* othe rockfish” managemert category are based on substantially lessinfarmation (Itoand
Spencer 1999, Ito et al. 1999).

The current spawning biomassfor Pacific ocean perchinthe Aleutian | dands isabout 2,500 mt below itslong-
termaverageunder an F,q,, (= 0.072) harvest strategy. Thecurrent estimateof spawning biomassfor thisstock
isabout 97,800 mt, whereas thel ong-term equilibrium spawni ng biomass is about 100,300 mt. Based on the
guidelines established under Tier 3, the adjusted F,,. was calculated as 0.0702, which equates to an ABC
estimate of approximately 12,300 mt. Thetotal Aleutian Idands recommended ABC was then apporti oned
among Aleutian Islands subareas based on aurvey distribution, as follows: weste'n Aleutian Islands = 5,670
mt, central Aleutian Idands = 3,510 mt, and eastern Aleutian Islands = 3,120 mt. Thiswas done to better
distribute fishing effort over awider area, thereby reducingthe chance for lacalized depldion The OFL was
determined using an adjusted F..,, rate of 0.0826, which translates toan OFL of 14,400 mt.

For the eastern Bering Sea stock of Pacific ocean perch, the estimate of current spawning biomass isalso below
its long-term average. The current estimate of spawning biomass for thisstock is about 24,900 mt, and its
long-tam equilibrium spawning biomassis 26,200 mt. The same adjustment procedure used for the Alautian
IslandsF,,, rate was also applied totheeasten Bering Sea F,,,, estimate. T his procedure produced an F g
of 0.0544 and an ABC egtimate for the eastern Bering Sea of approximately 2,600 mt. The overfishing
mortality level (For ) was given as an adjusted F;.,, and was 0.0653, which translates to an OFL of about
3,100 mt.

Shortraker and Rougheye Rockfish

Shortraker (Sebastes borealis) and rougheye rockfish (S. Aleutianus) inhabit the outer continental shelf of the
North Pacific Ocean from the eastern Bering Sea as far south as Southern California (K ramer and O'Connell
1988). Adultsd both species are midemersal and areusually found indegper waters (from 50 m to 800 m)
and over rougher bottoms than Pacific ocean perch (Kriegea and 1to 1999). Little is known about the biology
and life history of these species, but they appear to be long-lived, with late maturation and dow growth.
Shortraker rockfish have been estimated to reach agesin excess of 120 years and rougheye rockfishin exocess
of 140years Natura mortality rat es have been estimated by Heifetz and Clausen (1991) at 0.025for rougheye
rockfishand 0.030 for shortraker rockfish. Like othe members of the genus Sebastes, they are viviparous
(bear live young), and birth occurs in the early spring through summer (M cDermott 1994). Food habit studies
conducted by Yang (1993) indicate that the diet of rougheye rockfish is dominated by shrimp. The diet of
shortraker rockfish is not well known; however, based on a smal number of samples, the diet appears to be
dominated by squid. Because shortraker rockfish have large mouths and short gill rakers it ispossiblethat
they are potentia predator s of other fish species (Yang 1993). Though shortraker and rougheyerockfishare
highly valued, amounts available to the commercial fisheries are limited by relatively small TAC and ABC

CHAPTER 3 - DRAFT PROGRAMMATIC SEIS JANUARY 2001

3.3-29



amounts,which are to support bycat ch needsin ot her groundfish fisheries. As aresult, the directed fishery for
these species is typically dosed at thebegnning of thefishing year.

The primary methods of harvest for shortraker and rougheye rockfishes are bottom trawls and longline gear.
The bulk of the commercial harvest usually occurs at depths betwesn 200 m and 500 m aong the upper
continental dope. Both speciesare associated with avariety of habitats, from soft to rocky bottoms, athough
boulders and doping terrain appear also to be desirable habitat. Age at recruitment is uncertain, but is
probably on the order of 20+ years for both species. Length at 50 per cent sexual maturity is about 45 cm for
shortraker rockfish and about 44 cm for rougheye rockfish (McDermott 1994).

A sufficient timeseries of fishery and survey age compositionsisnot avail able to construct an age-based stock
assessment moddl for shortraker and rougheye rockfish. Thus, assessment is based mostly on exploitable
biomassestimates provi ded by NMFStrawl surveys. Specificaly, exploitable biomass for the GOA stocksis
edimated as the unweighted average of the three most recent surveys (1993, 1996, and 1999), excluding the
1-100 m depth stratum (which contains lar gely unexploitable juvenile fish). Life history information alows
estimates of referencefishing mortality rates, which are used to calaulate ABC. The stock assessment is
updated annually.

In the GOA, shortraker rocfish falls into Tier 5 and rougheye rockfish into Tier 4 of the ABC and OFL
definitions Unde these definitions, the overfishing fishing mortality rate f or shortraker rockfishistheF =M
rate of 0.03. The maximumallowable fishing martality ratefor ABC (F,zc) defined by Tier 5 for shortraker
rockfishisthe F = 0.75M rate which is0.023. The maximum allowablefishing mortality ratefor ABC (Fagc)
for rougheye rockfish ddfinedby Tier 4isF,q,, whichis 0.032. The stack assessment F ;. for rougheyeis set
equal to the natural mortdity M of 0.025, which islower than the maximum allowable fishing mortality rate
for ABC. This resultsin the recommended ABC of 1,730 mt for shortraker and rougheye rockfish, and this
level wasadopted asthe ABC and TAC by the Council. T he shortr aker and rougheyerockfish ABC and TAC
being set mor e conser vati vely than the maximum prescribed under the definitionsresultsinless risk of the F g
ratebeing an overly aggressive harvest ratefor shortr aker and r ougheyerockfish. T hisaffordsmoreprotection
to the stacks, gven thevariability and uncertainty associated with the abundance

For the Aleutian Idands shortraker and rougheye rockfish stocks, the assessment is also based on catch and
aurvey data. The biomass estimates fromU.S. domestic Aleutian Idands bottom trawl surveys (1991, 1994,
and 1997) are averaged to obtain thebest estimate of biomass for thespeciesin this subcomplex; earlier U.S.-
Japan coqgperativesurveys wereexd uded because of dfferencesinsurvey gear. The 2000 biomass estimates
of rougheye and shortraker rockfish were 12,762 nt and 28,713 mt, respectively. In 1996, the Science and
Statistical Committee (SSC) to the Council deter mined that reli able estimates of the natura mortality rate (M)
exised for the speciesin this subcomplex, and that shortraker and rougheye rockfish in the Aleutian Idands
theefare qudified for management under Tier 5 (Appendix 1; Amendmert 44). The accepted estimates o M
are 0.025 for rougheyerockfishand 0.030 far shortraker rackfish. The plan team recommends setting Fqc
at the maximum value allowable under Tier 5, which is 75 percent of M. This produced F,;. of 0.019 for
rougheye rockfish and 0.023 for shortraker rockfish. Multiplying these rates by the biomass estimates and
summing across species gives a2000 ABC of 885 mt. The plan team’'s OFL was deter mined from the Tier
5 formula, where setting Fo, = M for each spedes gves a combined OFL of 1,180 mt.

Inrecent yearsadirected fishery for shortraker and rougheyerockfishhas not beenallowved because TACs are
small. Shortrake androugheyerockfishes areoften caught as bycat ch and retained in the sablefish and halibut
longlinefisheies and fisheries targeting ather rockfich spedes. Heifdz and Ackley (1997) analyzed bycatch
(not necessarily discarded) in GOA rockfish fisheries. Bycatch rates of shortraker and rougheyerockfishare
highest in the shortspine thornyhead and Pacific acean perch fisheries. An analysis of bycatch rates in non-
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rockfish fisheries has not been conducted. Discard rates (discards divided by total catch) of shortraker and
rougheye rockfish in the GOA during 1995 to 1999 r anged from 22 per cent to 32 percent (Heifetzet al. 1999).
In 1999, about 397 mt of shortraker and rougheyerockfish were d scarded conpared toatota catch of 1,310
mt.

Northern Rockfish

Northern rockfish (Sebastes pdyspinis) inhabit the outer continental shelf from the eastern Bering Sea,
throughaut the Aleutian 1slands and the GOA (Krame and O'Conndl 1988). This species issemidemersal and
is usually found in compardively shallower watersoff the outer continental dope (from 50-600 m). Littleis
known about the biology and life history of northern rockfish. However, they appear to belong-lived, with late
maturation and slow gowth. Heifdz and Clausen (1991) estimated thenatural mortality rate for northern
rockfishto be 0.060. Like other members of thegenusSebastes, they bear live young, and birth occursin the
early spring thr ough summer (McDer mott 1994). Food habit studies conducted by Yang (1993) indicate that
the diet o northen rockfish is dominated by euphausiids. Althoughnorthern rackfish arelower invaluethan
Paci fic ocean perch, they till support avauable directed trawl fishery, especialy in the GOA.

In the GOA, noarthen rockfish fallsinto Tia 4 of the ABC and OFL definitions. The exploitable biomass
(excluding the 1-100-m stratum) is estimated as the weighted mean from the three most recent surveys; this
produces an estimate of 85,357 mt for northern rockfish. The maximum alowable fishing mortality rate for
ABC (F,gc) defined by Tier 4istheF,,, rate of 0.075. Thestock assessment . for rougheye was set equal
tothe natural mortality M of 0.06, whichislower than themaxinmum allowable fishingmortality ratefor ABC.
Thisrequltsin thestock assessmert ABC of 5,120 mt for northern rockfish. T he current Council ABC and
TAC levels are 4,990 mt. The northern rockfish ABC and TAC being set more conservatively than the
maximum prescribed under thedefinitionsresultsinless risk of the F 5 ratebeingan overly aggressive harvest
ratefor this species. Thisaffords moreprotedionto thestocks, given thevariahilityand uncertainy associated
with abundance

Age-gtructured information exists for GOA northern rockfish, and has led to the development of an age-
sructured population modd (Heifetz et al. 1999). It is expeded that this modd will be used for future
assessmants. The current age and size distributions of Pacific ocean perchin the GOA arediscussedin Hefetz
et a. (1999). Informationis available fromthe 1984, 1987, 1990, 1993, and 1996 surveys. The dominating
factor determining the age composition isthemagnitude of therecruiting year classeswhich arehighly vari able.

Most surveys (except the 1993 survey) indcate that 1968-1971 and 1975-1977 were periods of strong year-
classes. The 1993 and 199 surveys indcate that the 1984 and 1985 year-classes may be stronger than
average. The sdectivity of thefishery has cumulativeimpacts on age composition dueto fishing mortality, and
it isnot certain how the current age composition of the population would compar e to an unfished population.

The directed fishey for northern rockfishis prosecuted by catcher/pr ocessor sand catcher bottom trawlers. As
with the Pacific ocean perch fishey, a higher percentage of the catch in the certral GOA is bang taken by
shorebasad trawlers, ranging from 32 percent to 53 percent fram 1996 to 1999. The patterns of thefishery
generdly reflect the species distribution. T he fishery is concentrated at discree, rdativey shallow dfshore
banks of theoute cortinental shelf at depthsbetween 75 mand 125 m Importart northern rockfish fishery
locations indude Portlack Bank and Albatross Bank south of Kodak Island, Shumagin Bank south of the
Shumagin I slands, and Davidson Bark south of Unimak Island.

Heifetz and Ackley (1997) analyzed bycatch (not necessarily discar ded) in GOA rockfishfisheries. Bycatch
rat esof northern rockfish are highest in thepel agic shelf rockfish, other sloperockfish, and Pacific ocean perch
fisheries. Information on bycatch of northernrockfishin non-rockfish fisheries has not beenanalyzed. Discard
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rat es (discardsdivided bytotal catch) of theGOA northen rockfish from1995 to 1999 ranged from 13 percent
to 28 percent (Heifetz & al. 1999). In 1999, about 597 mt of northern rockfish were discarded compared to
atotal catch of 5297 mt.

Northernrockfish ar e generally planktivor ous (feed on plankton) with euphausiids being t he predominant prey
item (Yang 1993). Copepods, hermit crabs, and shrimp have also been noted as prey itemsin much smaller
guantities. Predatorsof northern rockfisharenot well documented, but likely include larger fish such asPacific
halibut that areknown to prey on other rockfish species.

Inthe Aleutian |dands, norther n rockfish ar e managed together with sharpchinrockfish (S. zacentrus). Because
sharpchin rockfish are only rarely found in the Aleutian Islands, northern rackfish are for all practical
purposes, the only species in this subcomplex. Aswith the shortrake and rougheye stocks, the biomass
edimates from U.S. domedic Aleutian|slands bottomtrawl surveys (1991, 1994, and 1997) areaveraged to
obtain the best estimate of biomass for the species in this subcomplex. This procedure produced a biomass
estimate of 114,501 mt. Northern rockfish in the Aleutian Islands are managed under Tier 5 of Amendment
44. The accepted estimate of M for northern rockfish in the Aleutian Idands is 0.06. ABC was based on
maximum allowable F,,. under Tier 5, which is 75 percent of M, or 0.045. M ultiplying this rate by the best
estimete of biomass gave a 2000 ABC of 5,153 mt. The plan team’s OFL was deter mined from the Tier 5
formua, which sa F,;, =M giving a 2000 OFL of 6,870 mt.

Pelagic Shelf Rockfish

In the GOA, peagic shdf rockfish consist of dusky rockfish (Sebastes ciliatus), yellowtail rockfish (S.
flavidus), and widow rockfish (S entomelys). Black rockfish were formerly in this group, but were removed
in April, 1998, from boththe pelag c shelf group and the GOA grourdfish FMP. Dusky rackfishisby far the
most important species in the group, both in terms of abundance and commercia value. This complex is
assessed with a trawl-survey-based model, with survey data coming from the NMFS GOA triennial trawl
surveys. The stock assessments pr ovide the best available information for pelagic shelf rockfish, and include
discussions of catch history, characterizations of the fishery, assessment methodology, and abundance and
exploitation trends. Theresultsof the analyses, which are updated annually, are pr esented in the GOA pelagic
shelf rockfish stock assessment, which is incarporated into the GOA SAFE report.

Pelagic shelf rockfishfall into Tier 4 of thecurrent ABC/OFL definitions, whichrequires estimates of biomass,
Fss, and F,q,,. Biomass estimates ar e produced from averaging the three most recent triennial surveys (1993,
1996, and 1999), and the current expldtable biomassis 66,443 mt. Estimates of F,,, and F,,, are derived
using life history parameters for dusky rockfish. According to the definitions for Tier 4, the maxi mum
allowable fishing mortality ratefor ABC (F,gc) isthe F,q,, rate, which is0.11 for pelagic shelf rockfish and
trandates to a gulfwide yield of 7,309 mt. The actud stock assesament F,.. for pelagic shelf rockfish,
however, is set to a more conservative valug F = M, in which F,;. equals the natural mortality of dusky
rockfish, 0.090. Hence the carresponding yieldis 5,980 mt, which istherecommended ABC val uein the stock
assessment for 2000. The Council has adopted this level for both the ABC and TAC for 2000. The
corresponding OFL fishing mortality rate isF,s,, = 0.136, which resultsin an OFL yield of 9,036 nt. The
northern rockfish ABC and TAC bedng set mare conservatively than the maximum prescribed under the
definitions resultsin lessrisk of the F,;. rate being an ovely aggressive harvest rate for this species. This
affords mare pratection tothe stocks, given the variability and uncertainty associated with abundance.

Ageand size distributions of dusky rockfish are based on results of the five triennial tram surveys from 1984
101996, and are d scussedin Clausen and Hefetz (1999). Ageresultsare only available fram the1987, 1990,
and 1993 surveys, and these show that substantial recr uitment of dusky rockfish appearsto be ardativey
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infrequent event. Strong year classes are only seen for 1976-1977, 1979-1980, and 1986. The size
compositions from each of thefive surveys indicate that recruitment of small fish to the survey occurred only
in 1993, corresponding to the 1986 year class. Theeffects of fishing on the age and size cormpositions are
unknown, as no age or size data are available from either thefishey, or from theunfished population prior to
the beginning of the fishery.

Dusky rockfish are caught almost exclusively with bottom trawls. Factory trawlers dominated the directed
fishery from1988 t01995. Sincel996, the percentageof the catch taken by shore based trawlersin thecertral
GOA has rangedfrom 18to 45 percent. Catches are concentrated & a number of reatively shallow, offshare
banks of theouter cortinental shelf, especially the W groundsweg of Yakutat and Portlock Bank (NMFS
1997b). Other fishing grounds include Albatross Bank, the “Snakehead” south of Kodiak Island, and
Shumagin Bank. Highest catch per unit effort is genaally taken at depths of 10-150 m (Reuter 1999).

Dusky rockfish often co-occur with northern rockfish, and they are caught as bycatch in the northern rockfish
and other doperockfish fisheries (Hefetz and Ackley 1997). Toal esser extent, they are also taken asbycatch
in the Pacific ocean perch fishery. Overall discard rates (discards divided by total catch) of dusky rockfishin
recent years have been quite low, genaally 10 percent o less (Clausen and Heifetz 1999).

Trophic interactions of dusky rockfish are not well known. Food habits information is available from just one
study, with a relatively small sample size for dusky rockfish (Yang 1993). This study indicated that adult
dusky rockfish consume primarily euphausiids, followed by larvaceans, cephalopods, and pandalid shrimp.
Predatorsof dusky rockfish have not been documented, but likely include speciesthat are known to consume
rockfishin Alaska, suchas Pacific halibut, sable&ish, Pacific cod, and arrowtocth founder.

Demersal Shdf Rockfish

Demersal shdf rockfish indude seven species of nearshore, battom-dwelling rodkfish: canary rockfish
(Sebastes pinniger), China rockfish (S. nebulosus), copper rockfish (S. caurinus), quillback rockfish (S.
maliger), rosethorn rockfish (S. helvomaculatus), tiger rodkfish (S. nigrocinctus), and ydloweye rockfish
(S. ruberrimus). Demersal shelf rockfish are managed by the Coundl asa distinct assemblage only off the
Southeast Outside District (SEO) east of 140°W, an area that is further divided into four managemert units
along the outer caast: the south SEO (SSEO), central SEO (CSEO), north SEO (NSEO), and East Y akatat
(EYKT). Yéloweye rockfish comprise 90 percent of the catch and will be the focus of this section.

Y elloweyerockfish occur on the continentd shdf from narthern Baja California to the eastern Bering Sen,
commonly in depths less than 200 m (Kramer and O'Comell 1988). They are long-lived, slow growing, and
late maturing. Y elloweye have been estimated to reach an age of 118 years and their natural mortdity rateis
edimated at 0.20 (O'Conrell and Funk 1987). They are viviparous (live bearing) with parturition (birth)
occurring primarily in late spring through midsummer (O'Connell 1987). Y elloweye inhabit areas of rugged,
rocky relief andadults appear to prefa complex bottonms withthe presence of “refuge spaces’ (O'Conndl and
Carlile 1993). Demersal shdf rockfish are highy valued, and a directed londinefishay is hdd for these
species. However, yelloweye are the primary bycatch in the halibut fishery, and therefore a large portion of
the TAC and ABC are set aside for bycatch. 1n 1998, 31 percent of thetotal demersal shelf rockfish landings
occurred as bycatch inthe halibut fishery (O’ Conrell & al. 1999).

Traditional abundanceestimation methods (eg., area-swept trawl surveys, mark recaptur €) are not consider ed
useful for these fishes, given their distribution, life history, and physiology. However, the Alaska Department
of Fish and Game (ADF& G) is continuing resear ch to devel op and improve a stock assessment approach for
them. As part of that research, a manned submersible, R/V Delta, has been usedto corduct linetranseds
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(Burnham et al. 1980). Density estimates are limited to adult yelloweye, because it is the principal species
tar geted and caught in the fishery; therefore, ABC and TAC recanmendationsfor the ertireassemblage are
keyed to adult yelloweye abundance. Total yelloweye rockfish biomass is estimated for each management
subdistrict as the product of density, mean weight of adult yelloweye, and areal estimates of demersal shelf
rockfishhabitat (O'Connell and Carlile1993). To estimateyelloweyebiomassvariability, log-based confidence
limits are used, because the distribution of dersity tends to bepositively skewed and density is assumed to be
log-normal (Buckland et al. 1993). Bath transect lire lengths and total area of rocky habitat are dffiault to
estimate, resulting in some uncertainty in the biamass estimates. Density estimates wae made in the EYKT
and SSEO in 1999. Density in the SSEO increased 38 percent from the previous density estimate, made in
1994, although some of this change may be dueto increased sample sizeand a change in survey techniques.
Incontrast, EYK T density decr eased 44 percent from the previous estimate, in 1997. During the 1997 survey,
the estimate of rocky habitat area in the EYKT was reduced by 60 peacent compared to past assessmants,
resulting in areduction inthebiomassestimatef or thisarea. Thesum of thelower 90 percent corfidencelimits
of biomass, by area, istherefer ence number for setting ABC because of the continued uncertainty in yelloweye
biomass estimation. This resulted ina biomass estimate d 15,100 mt far 2000.

Demasal shelf rockfishfallsino Tier 4 of the ABC and OFL definitions. Under these definitions, the OFL
mortality rateis F,,, = 0.028 (420 mt), and the meximum allowable fishing mortality rate for ABCisF,q, =
0.025. However, amore conservative approach has been taken for setting ABC and TAC. By applying F =
M = 0.02 to yelloweyerockfish biomass, and adjusting for the 10 percent of ather demersal shelf rodkfish
species, the recommended 2000 ABC is 340 mt. Continued conservatism in managing thisfishery iswarr anted
given the lifehistory o thespedesand the uncertainty of thebiomass estimates.

The age and size distributions of yelloweye rockfish are discussed in O’ Connell et a. (1999) and O’ Connell
and Funk (1987). Estimatedlength and ageat 50 percent maturity far yelloweye collected inthe CSEO in 1988
are45cmand 21 year sfor femaesand 50 cm and 23 year sfor maes. Ageof firg recruitment into the fishery
is between 13 and 18 years. The most recent age data is from the 1998 commercia catch samples. In the
CSEO, the areawith the longest catch history, the 1997 distribution shows a strong mode at 28 years of age,
withsomeyounger modes. T he older ages have declined in frequency over time and the average age continues
to dedine and remains the lowest of all areas Inthe SSEO, the 1997 age data shows pronounced modes at
16 and 20 years, with the older ages contributing less. Inthe EYKT, the 1998 age distribution is multimodal,
the largest modeis at 29-30 years, and smaler modes are at 33 and 40 years. Unlike other areas, no sign of
recruitment is seen here. The effects of fishing on age and size compositions are unknown, because no age or
size dataare available from either the fishery or the unfished population prior to the beginning of the fishery.

Thedirected fishay for demersal shelf rodkfish is conducted by longliners Y dloweye rodkfish occur inareas
of rugged, rocky bottom, commonly between 100 and 200 m. The lava fields off Cape Edgecumbe in the
CSEO and the offshore Fairweather Ground in the EYKT are the most important fishing areas. A small
amount of demersal shdf rockfish aretaken asbycatchin jig and troll fisheries. Trawling isprohibited in the
eastan GOA. Ydloweyerodfishisthe dominant bycatch speciesin the halibut longlinefishery. The mgjority
of the longline vessels in the eastern GOA are unobserved so it is diffi cult to get an accurate accounting of
discards at sea. For the past severd years unrepor ted mortality of demersal shelf rodkfish during thehalibut
fishery were estimated, based on IPHC interview data. The 1993 interview dataindicates atotal mortality of
demersal shelf rockfish of 13 percent (by weight) of the June halibut landings and 18 per cent of the September
halibut landings. Unreported mortality data have been moredifficult to cdlect under thehalibut | FQ fishery
and appear to belessreliablethan previousdata. Thealowablebycatchlimit of demersal shelf rockfish during
halibut fishing is 10 percent of thehalibut we ght. Thetotal bycatch of demersal shelf rockfishduringthe 1999
halibut fishery inthe eastern GOA is estimated to be 184 mt, much of whichis unreported. Catch statistics
do not accurately reflect true mortality of demersal shelf rockfish.
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Y elloweyearelarge predatary fishesthat usually feed clasetothe battom. Food habit studies i ndicatethat the
diet of ydloweye rockfish is dominated by fish remains, which comprised 95 percent, by volume, of the
stomachs analyzed. Herring, sand lance and Puget Sound rodkfish (S. empheaus) were particularly dominant.
Shrimp are also an inportant prey item (Rosenthal & al. 1988).

Thornyheads

Thornyheads in Alaskan waters are comprised of two species, the shortspine thornyhead (Sebastolobus
alascanus) and the longspine thornyhead (S. altivelis). Only the shortspine thornyhead is of commercial

importance. Itisademersal speciesfound in deep water, from 93 mto 1,460 m, from the Bering Seato Bga
Cdiifornia (landli and Gaichas 1999). Littleisknown about thornyhead lif ehistory. Like other rockfish, they

arelong-lived and dow growing. The maximum recorded ageis probably in excess of 50 years, and females
do not become sexualy mature until an average age of 12 to 13 and alength of about 21 cm. T hornyheads
spawn large masses of buoyant eggs during the late winter and early spring (Pearcy 1962). Juveniles are
pelagic for the first year. Yang (1993, 1996) showed that shrimp were the top prey item for shortspine
thornyheads in the GOA, while cottids were the most important prey item in the Aleutian Idands.  Until

recently, thornyheads were not targeted by the cammercial fishery. However, they arenow among the mast
valuable rockfishspeciesand are harvestedby trawl and longline gear. M ost of the domestic harvestisexported

to Japan. Thornyheads are taken with some frequency in the londinefishery for sablefish and cod, and are
often part of the bycatch o trawlers concertrating on pollock and ather rockfish species.

In the GOA, shortspine tharnyheads are assessed with an age-str uctured mode incorpor ating data from two
fisheries (longline and trawl) and two ty pes of survey data. Bottomtraw! surveys have been conducted every
three yearsin the GOA during Junethrough August and providealimited time-series of abundancesince1977.
Longline surveys occur annually and extend into the deepea waters (300 to 800 m) of shortspine thornyhead
habitat. Both surveys provide estimates o the size distributions o their respective catches. These are used
in the stodk assessment model in place of age compasitions, because extensive age determinations on this
species are curently impractical, given the difficultiesin interpretation of ther otdiths. Biologicaly, the
greatest area of uncertainty for this speciesisin their longevity and natural mortality rate. Currently, NMFS
sciertists believe they are dow-growing and long-lived fish thet are relatively sedentary on the oceanfloor.
Survey and fishe'y catch rates ind catethat they are relatively evenly distributed within their habitat and, like
many other groundfish species, do not tend to form dense aggregations. This distribution pattern isimportant
ininterpr eting the survey results because the assumptionsimplied in area-swept methods f or the bottom trawl
gear are likely to be satisfied (for further information on surveys see Section 2.7.3). Fishery datainclude
edimates of thetota catch and sizedistribution information by gear type The estimated biomassfor 2000 is
23,084 mt, and the recommended ABC is 2,360 mt. The Coundl has adgpted this value for both the 2000
TAC and OFL harvest levds.

IntheeasternBering Seaand Aleutian |dands, thornyheads are managed aspart of, and arethe primary species
in, the other rockfish management assemblage. The assessment is based on the most recent catch and survey
data. Traditionally, the biomass estimates (split according to management area) from all bottomtrawl surveys
(eastern Bering Sea shelf/slopeand Aleutian Islands) ar e averaged over al years to obtain the best estimates
of biomass for thespecies in this complex. 1n1999, this procedure produced a bi omass estimate of 7,030 mt
in the eastern Bering Sea, and a biomass estimate of 13,000 mt inthe Aleutian Islands. T he great mgjority of
this biomass is composed of thornyhead rockfish. 1n 1996, the SSC deter mined that a reliable estimate of the
natural mortality rate (M) existed for the species in this subcomplex, and that aher rockfishin the eastern
Bering Sea and Aleutian Idands ther efore qualifi ed for management under Tier 5 (Appendix 1, Amendment
44). The accepted estimate of M for thesespedesin bah areasis 0.07. F,,. wasset at the maximum value
alowable under Tier 5, which is 75 percent of M, or 0.053. M ultiplying this rate by the best estimate of
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complex-wide biomass givesan ABC of 369 mt in the eastern Bering Seaand 685 mt in the Aleutian | slands.
The plan team’s OFLswere deter mined from the Tier 5 for mula, where setting Fo-, = M givesan OFL of 492
mt inthe eastern Beaing Sea and 913 mt in the Aleutian Islands.

Other Rockfish Species

Numerous other rockfish species of thegenus Sebastes have been reported in the GOA and BSAI (Eschmeyer
et a. 1984), and severd are of commercia importance. Most are demersal or semidemersal, with different
speci es occupying dfferent depth grata (Kramer and O'Conndl 1988). All are viviparous(Hart 1973). Life
higory attributes of most of these rockfish are poorly or virtually unknown. Becausethey are long-lived and
dow growing, naturad mortality rates are probably low (less than 0.10). The det of gpedesfor which dietary
information exists seemsto consist primarily of planktonic invertebrates (Yang 1993 and 1996). Other
rockfish species are taken both in directed fisheies and as bycatch intrawl and longline fisheries.

Inthe GOA, althoughthe other sloperockfishmanagement group comprises 17 species, 6 species aone make
up 95 percent of the catch and estimated abundance: shar pchin (Sebastes zacentrus), redstripe (S. Proriger),
harlequin (S. Variegatus), yelowstripe (S. Reedi), silvergrey (S. Brevispinas), and redbanded rockfish (S.
Babcocki). Sharpchinrockfishfall into Tier 4, and the remaining speciesfall into Tier 5 of the ABC and OFL
defintions The OFL fishing mortality rate for the other species isthe F = M rate of 0.10 for redstripe
rockfish, 0.04 for silvergrey rockfish and 0.06 for dl the other species (except sharpchin rockfish). The F,gc
for sharpchin rockfish isF = M = 0.05, which is less than the maximum allowable rate of F,,, = 0.055. For
the other species, the maximum alowable fishing mortaity ratefor ABC isthe F = 0.75M rate, whichis0.075
for redstriperockfish, 0.030 for silvergrey rockfish, and 0.045 for the remaining species. These rates result
in the recommended stock assessment ABC of 4,900 mt for other slope rockfish. The current Council ABC
and TAC levelsare equivalent to thisvalue. The ABC and TAC for the sharpchin rockfish component of the
other dope rockfish being set moreconsavativey than the maximum prescribed under thedefinitions results
inlessrisk of the F,;c and TAC bang anoverly aggressive harvest rate for other doperockfish. This affords
more protection to the stocks, given the variability and uncertainty associated with the abundance.

Heifetz and Ackley (1997) analyzed bycatch (nat necessarily discarded) in GOA rockfishfisheries. Bycatch
rates of other dope rockfish are highest in the pelagic shelf rockfish and Pacific ocean perch fisheries.
Information on bycatch of ather slope rockfish in non-rockfish fisheries has not been analyzed. Discard rates
(discards divided by total catch) of other slope rockfish from 1995 to 1999 ranged from 52 to 76 percent
(Heifetzet al. 1999). In 1999, about 544 nt of ather slope rodkfish were discarded, compared to atotal catch
of 789 mt. High discard rates are seen because many other dope rockfish species are smal in size and have
alow economic value theefare, fisheemen have littleincentive to retain thesefish.

Prey of other doperockfishisnot documented for the GOA. Predator sof other doperockfish are aso not well
documented, but likely include larger fish, such as Pecific halibut, which are known to prey on other rockfish
Species.

33111 AtkaMackerd

Bering Sea/Aleutian Idands

Atkamackerel aredist ributed from the east coast of the Kamchatka Peninsula, throughout theAleautianldands
and the eastern Bering Sea, and eastward through the GOA to southeast Alaska (Wolotiraet a. 1993). T heir

current center of abundanceisin the Alautianlslands with margiral distributions extending into the southen
Bering Sea and into the western GOA (Loweand Fritz 1999a). Atka mackerel ar e one of the most abundant
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groundfish speciesin the Aleutian | dands, wherethey arethetarget of a directed trawl fishery (Lowe and Fritz
1999a). Adults are semipelagic and spend most of the year over the continental shelf in depths geneally less
than 200 m. Adults migrate annually to shallow coastal wat ers during spawning, for ming dense aggregations
near the bottom (Morris 1981, Musienko 1970). In Russian waters, spawning peaks in mid-June (Zolotov
1993) and in Alaskan watersin July through October (McD ermott and Lowe 1997). Femalesdeposit adhesive
eggsin nests or rocky crevices. The nests are guarded by males until hatching occurs (Zolotov 1993). The
firstinsitu obser vations of spawning habitat in Seguam Passweredocumented in August, 1999 (Robert Lauth,

NMFS Alaska Fisheres Science Center — personal communication). Genetic studies indicate that Atka
mackerel form a single stodk in Alaskan wates (Lowve et al. 1998). However, growth rates can vary
extensively among different areas (Kimuraand Ronholt 1988, Lowe et a. 1998, L owe and Fritz 1999a). Age
and size at 50 percent maturity has been estimated at 3.6 years and 33—-38 cm, respectively (McDermott and
Lowe 1997). Atka mackerel are arelatively short-lived groundfish species. A maximum age of 15yearshas
been noted, however most of the population is probably less than 10years old. Natura mortaity estimates
vary extensively, and estimates have ranged from 0.12 to 0.74 as determined by various methods (Lowe and
Fritz 1999a). For stock assesament purposes, a valueof 0.3is used (Lowe ard Fritz 1999a).

Atka mackerel are animportart conponrent inthedie of other caonmercial groundfish, mainly arrowntooth
flounder, Pacific halibut, and Pacific cod; sesbirds, mainly tufted puffins, and marine mammals, mainly
northern fur seals and Steller sealions (Byrd et al. 1992, Livingstonet al. 1993, Fritz et al. 1995, Y ang 1996).
Atka mackerel are also componentsin the diets of the following marine mammals and seabirds: harbor sedls,
Dall’ s porpoise, thick-billed murres, and horned puffins (Yang 1996). The diets of commercialy important
groundfish speciesin the Aleutian Idands during the summer of 1991 were analyzed by Yang (1996). Maore
than 90 percent of the total stomach content (by weight) of Atka mackerd in the study was made up of
invertebrates, with less than 10 percent made up of fish. Euphausids (mainly Thysanoessainermisand T.
rachii ) werethe most important prey items, fdlowed by calanoid copgpods The two species of euphausiids
comprised 55 percent of the total somach contents, and copepods comprised 17 percent. Larvaceans and
hyperiid amphipads had high freguendes of occurrence (81 percent and 68 percent, respectivdy), but
comprised less than 8 percent of the total stomach content weight. Squid wasanother iteminthediet of Atka
mackerel; it had a frequency of occurrence of 31 percert, but comprised only 8 percent o total stomach
content. Atka mackerel are known to eat thér own eggs. Yang (1996) found that Atka mackerel eggs
conprised 3 percent of the total somach content and occurred in 9 percent of the and yzed Atka mackeré
stomachs. Walleye pollock were the second most important prey fish of Atka mackerel, comprising about 2
percent of thetotal stomach content. Myctophids, bathylagids, zoar cids, cottids, stichaeids, and pleuronectids
were minor components of the Atka mackerdl det; each categary comprised less than 1 percent of the tatal
stomach contert.

Atka madkerel areadifficult speciesto survey becausethey do not have aswim bladder and are therefor e poor
targetsfor hydr oacoustic surveys. T hey prefer rough and rocky bottoms that are difficult to sample with the
current survey gear, and their schooling behavior and patchy distribution result in survey estimateswith large
variances. Complicating the difficulty in surveying Atka mackerel is the low probability of encountering
schools in the GOA, where the abundanceis lowe and their distribution is patchie relative to the BSAI.
Becauseof this, it has not been possible to estimate population trends for the speciesin the GOA. The stock
assessment in the Aleutian Idandsis based on NMFS triennial trawl surveys, aswell astotal catch and catch
at age data from the commercial fishery.

BSAI Atka mackere are assessed with an age-structured model incorpor ating fishery and survey catch data
and age compositions. Fishery catch gatistics (including discards) are estimated by the NMFS Regional
Office. Theseestimates are based on the best blend of observer reported cat ch and weekly production reports.
Stock assessments include catch history, characterizations of the fishery, key life history par ameters, survey
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and modd -estimated abundancetr ends, hi storica exploitationrat es, r eference fishingmor tali ty rates, projected
catch and abundancetrendsfor arange of fishing mortalitiesand recruitment assumptiors, and a recommended
harvest rate and catch for the upcoming year. Theresults of theanalyses, which are updated annually, are
preserted in theBSAI Atka madkerd stock assessment, whichis incorporated into theBSAI SAFE report.

In 1999, Atkamackerel fell into Tier 3a of the ABC and OFL definitions, which requiresreliable estimates of

biomass, By, Fasy., @Nd F,q,. Under the definitions and currert stodk conditions, the OFL fishing mortality
rate is k., estimated to be 0.42 for Atka mackerel, which equated to a yidd of 119,300 mt (L owe and Fritz
1999a). The maximum allowablefishing mortality rate for ABC (Fgc) iSF .0, etimated to be 0.35for Atka
mackerd in 1999, which trandated to a yield of 102,700 mt (Lowe and Fritz 1999). In 1999, the stock
assessment ABC recommendation for the 2000 Atkamackere fishery wasbe ow themaximum rate prescribed

under Tier 3a, to provide a more risk averse harvest rate and to accommodate uncertainty. The stock

assessment g i 0.23, which trandated to a yield of 70,800 mt. A recommendation lower than F,,,, was
recommended in the 1999 st ock assessment because: (1) stock sizeas estimated by the age-structured analysis

hasdeclinedby approximately 60 percent since1991; and(2) the1997 Aleutiantraw! survey biomass estimate
was about 50 percent lower thanthe 1991 and 1994 survey estinates.

1998 Atka Mackerel
Estimated Age Composition
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Figure3.3-6 Estimated age compostion of Bering Sea and Aleutian
Idands Atka mackerel, 1998. Source: Lowe and Fritz
(1999a)

The 1998 age and sizedidributions of BSAI Atka macked are discussed in Lowe and Fritz (19998). The
1998 age composition of Atka mackerel from the fishery is shown in Figure 3.3-6. T he age composition is
dominated by arecent strong 1992 year class (6-year- olds), and thereis still evidence of the strong 1938 year
class(10-year-dds) inthe population. The estimated meanage of the 1998 fishery age cormpositionis6 years.
The current fishey tends to select fish aged 3to 12 years old (Lowe and Fritz 1999a). It is not known how
the age composition of the population would look in an unfished population.

The directed fishey far Atka madkerel is prosecuted by catcher/processor bottom trawlers. The fishery
patterns generdly reflect species behavior in that the fishery is highly locdized, occurring in the same few
locations each year, gereraly at depths beween 100 and 200 m (Lowe and Fritz 1999a). Observed Atka
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macker e fishery trawl locations during 1998 and 1999 i n the Aleutian Islands are shown in Figures 3.3-7 and
3.3-8. Important Atka mackere fishery locations include Seguam Bank, Tanaga Pass, north of the Delarof
|slands, Petrel Bank, outh of Amchitka lsland, east andwest of Kiska lsland, and on the seamountsand reefs
near Buldir 1dand.

Since 1979, the Atka mackerd fishery has occurred largely within areas designated as Steller sea lion critical
habitat. While total removals from critical habitat may be small in relation to total biomass estimatesin the
Aladtianlslands, fishery harvest rates in localized areas may have been high enoughto affect theavailability
of prey to Steler sea lions (Lowe and Fritz 1997a). The locaized pattern of fishing for Atka mackere
apparently does not affect fishing success fromoneyear to thenext, since local Aleutian Idands populations
appear to be replenished by immgration and recruitment. However, this pattern could creae tanpaorary
reductions in the size and density of localized Atka mackerel populations, which could affect Steller sealion
foraging success during the time the fishery is operating andfor aperiod o unknown duration after the fishery
is closad.

Toaddressthepossibility that the fishery creates|ocalized depletions of Atkamackerel and adversely modifies
Sdler sealioncritical habitat by digproportionately removing prey in June 1998, the Council passed afishery
management regulatory amendment that proposed a four-year timetable to temporally and spatially dispase
and reducethe level of Atkamackerel fishing within Stdle sealioncritical habitat in the BSAI. Thetemporal
dispersion isaccomplished by dividing the BSAI Atkamackerel TAC into two equa seasonal alowances. The
first alowance is made available for directed fishing from January 1 to April 15 (A season), and the second
seasonal adlowance is made available from September 1 to Novermber 1 (B season). The spatia dispersion
is accomplished through maximum catch percentages of each seasonal allowance that can be caught within
Stell er sea lion critical habitat as specified for the central andwedern AleutianIslands. Nocritical habitat
closures are established for the easter n subarea, but the 20-nm trawl exclusion zones aroundthe Seguam and
Agligadak rookeries that have been in place only for the pollock A-season, are in effect year-round. The
regulations implamenting these management changes became dfective January 22, 1999. The four-year
timetable for spatial dispersion of the Atka mackerel fishery outside of critical habitat is as follows:

Aleutian Idands
Area 542 Area 543
Year(s Inside CH Outside CH Inside CH Outside CH
1999 80% 20% 65% 35%
2000 67% 33% 57% 43%
2001 54% 46% 49% 51%
2002 40% 60% 40% 60%

CH = Critical Habitat

Relative to 1998, thebiggest shift inthe distribution o fishing effort was obseved in Area 542, whee dfort
shifted to Petral Bank in 1999 (Figure 3.3-8).

Atka madkerel are not cammonly caught as bycatch in aher directed fisheries. The largest amounts of
discards, which arelikely under sized fish, ocaur inthedirected Atka mackerel trawl fisheries. Recent discard
rat es (discards/retained catch) of Atkamackerd inthe directed fishery have been below 10 percent (L owe and
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Figure3.3-7 Observed Atka mackerd fishery locationsin the Aleutian Islandsregion in 1998. Trawl exclusion zones, Steller sealion
critical habitat zones around rookeries and haulouts, the 200-m isobath, management Areas 541-543, and names of
locations fished are shown. Source: NMFS
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Figure3.3-8  Observed Atka mackerd fishery locationsin the Aleutian Islandsregion in 1999. Trawl exclusion zones, Steller sealion
critical habitat zones around rookeries and haulouts, the 200-m isobath, management Areas 541-543, and names of
locations fished are shown. Source: NMFS
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Fritz1999a). Atkamackerel arealso caught asbycatch in thetrawl Pacific cod and rockfish (primarily Pacific
ocean perch, sharpchin, and northern rockfish) fisheries. It is difficultto dscern the levd of natural bycatch
of Atka mackeel inthe rodkfish fisheries, as vessels may actually be targeting Atka mackeel in particular
hauls, but overall they are designated as targeting rockfish on a particular trip. 1n 1998, 4,597 mt of Atka
mackerel were discarded in the directed rockfish fishery as compared to 1,072 mt discarded in all other
fisheries.

Gulf of Alaka

No reliable estimate exists of current Atka mackerel biomass in the GOA. Atka mackerd have not been
commonly caught in theGOA triennid trawl surveys. |t has been determined that thegenaal GOA groundfish
bottom trawl survey does not assess the GOA portion of the Atkamackerd stock well, and resulting biomass
edimates havelittle value as absol ut e estimates of abundance or asindices of trend (Lowe and Fritz 1999a).
Because of this ladk of fundamental abundance information, GOA Atka mackerel are not assessed with a
model. The stock assessment that is done does not utilize abundance estimatesfromthe traw survey; corsists
of descriptions of catch history, length and age distributions from the fishery (1990-1994) and length and age
distributions from the trawl surveys (1990, 1993, and 1996). Thisinformation is presented inthe GOA Atka
mackerel stock assessment, which is incarporatedinto the GOA SAFE report.

GOA Atkamackerel fall into Tier 6 of the ABC and OFL definiti ons, which define the OFL level as average
catch from 1978 t01995 and ABC as not excealing 75 percert of OFL. Theaverageannual catchfrom 1978
t0 1995 is 6,200 mt; thus ABC cannot exceed 4,700 mt. The current ABC recommendation from the stock
assessment is below the maximum prescribed under Tier 6, to provide avery conservative harvest strategy
given theuncertainty about GOA Atka madckerel abundance The1999 sock assessmert for the2000 fishery
recommended an ABC of 600 nt, withthe intention of precluding adirectedfishery, but providing for bycatch
needsin other trawl fisheries. An ABC lower than the maximum prescribed under Tier 6 was recommended
for the fdlowing reasons.

1. When past ABCswere lower than 4,700 mt (approximately 3,000 mt in 1994), it was shown that the
fishery might have created localized depl etions of Atka mackerd even at those catch levels (appendix
in Lowe and Fritz 1996). Thisanaysisindicated that the fishery was very effident in removing fish
fromlocal areasand at rates thet far surpassed thetarge harvest rate.

2. Anayses of local fishery catch per unit of effort (CPUE) indicated that Atka mackerel populations
may have decli ned significantly between 1992 and 1994 (appendix in Loweand Fritz 1996), reflecting
thetrend of theAleutiandands Atka mackerel population during that period, whichhas cortinued to
dedine since 1994 (Loweand Fritz 1999%).

3. The GOA Atkamackerel population appearsto be particularly vulnerabl e tofishing pressure because
of sporadic movement of fish eastward from the Aleutian Islands.

Ageand sizedigtributions of GOA Atka mackerel are discussed in Lowe and Fritz (1999b). T he most recent
size and age distributions are from the 1996 and 1993 trawl surveys, respectively. Male and female size
distributions had mean lengths of 45 and 47 cm, respectively. A mode of fish from 4510 47 cm represented
the 1988 year class. It appears as thaugh little recent recruitment has occurred in the GOA population.
Currently, no directed fishay for GOA Atka mackeel ocaurs. Atkamackerel ar e caught as bycatch and the
selectivity of Atka mackeel by the athe fisheries is unknown  As auch, Atka madkerel in the GOA are
currently managed as bycatch in the pollock, Pacific cod, Pacific ocean perch, and northern rockfish fisheries.
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The low levd of TAC likely precludes directed targding of Atka mackerel on a haul-by-haul basis, and the
catches of Atka mackerel in ather directed fisheries may represent true bycatch.

The diets of commercially important groundfish speciesinthe GOA during the summer of 1990 wereanadyzed
by Yang (1993). Atka mackerd werenot sampled asapredator species. However, it isprobably areasonable
assumption that the mgjor prey items of GOA Atkamackerel would likdy beeuphasiids and copgpodsas was
found in Aleutian |slands Atkamackerel (Yang1996). The abundance of Atkamackerel inthe GOA is much
lower compared to the Aleutian Idands. Atka macker el appeared only as a minor component in the diet of
arrowtooth flounder in the GOA (Y ang 1993).

3.3.1.12 Squid and Othe Species

Squid are found thr oughout the Pacific Ocean. T hey are not cur rently the target of groundfish fisheriesin the
GOA or BSAI, although they aretaken as bycatch in pollock and rockfishtrawl fisheries. T hered (magigtr ate)
armhook squid is probably the best known spedesfound in Alaskan waters. Itis abundant over continertal
dopes throughout the North Pacific Ocean from Oregon to sauthern Japan (Nesis 1987). It isthebasis of
fisheries in both Russian and Japanese waters. Little is known about the reproductive biology of squid.
Fertilization is internal and juveniles have no larval dage  Eggs of inshorespecies are often enveloped in a
gelatinous matrix attached to substrate, while the eggs o offshorespedesare extruded asdrifting masses. The
red armhook squid appears to spawn in the spring and to live as long as 4 years, though most die after
spawning at one year to 16 months (Arkhipkin et al. 1996). Perez (1990) estimated that squid comprise over
80 percent of the diet of some whales. Seabirds and some salmon species are also known to feed heavily on
squid at certain times of theyear.

In the BSAI FMP, squid are gouped in a squid and other species group, which is made up of sgquid
(cond dered separately) and sculpin, skate, shark, and octopi (whichcomprise the true other species category).
Because data are insufficient to manage each of the other species groups separ ately, they are considered
collectively. Neither squid nor any of the species in the other species category are currently tar geted by the
BSAI and GOA groundfish fisheries. As such, they are only caught as bycatch by fisheries targeting
groundfish. Table 3.3-1 presentsbycatch datafor ather spedesand squid (aswell asforage and miscel laneous
fish) for 1999 BSA| and GOA groundfish fisheries by fishery and gear. Beginningin 1999, smelt wasremoved
from the other species category and placed—al ong with awide variay of ather fishand crustaceans including
krill, deep-sea andts, and lantern fishes—in the forage fish category. T his action was accomplished through
Amendments 36 and 39 (Appendix 1) to the BSAl and GOA groundfish FMPs. These amendments place
specific catch per centage limits for forage fish on all groundfish fishery participants in order to prevent the
devel goment of directed forage fish fisheries.

Assessment data are not available for squid from NMFS surveys because of their mainly pelagic distribution
over deepwater. Information on the distribution, abundance, and biology of squid stocks in the eastern Bering
Seaand Aleutian Iands is generally lacking. Red armhook squid (Berryteuthis magister) predominates in
commaercial catchesin the eastern Bering Seaand GOA, and Onychoteuthis borealijaponicusis the principal
species encountered in the Aleutian 1slands.

Forty-one scul pins species wereidentifiedintheeastern Bering Sea, 22 species inthe Aleutian Ilands (Bakkala
1993, Bakkaaet a. 1985, Ronholt et a. 1985). During these same surveys, 15 skate specieswereidentified,
but i nadequatetaxonomic keys for this family may have resulted inmore sped esbeing i dentified thanactually
exist. Speci esthat havebeen consistently identifi ed duri ng surveysar ethe Alaskaskate (Bathyraja parmifera),
big skate (Raja binoculata), longnose skate (R. rhina), sarry skate (R. stellulata), and Aleutian skate (B.
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Table3.3-1 Estimated Cat chesof Other Species’, Squid, ForageFish,and M isce laneous Fish
by Groundfish Fisheriesin the Ber ing Sea, Aleutian Islands, and Gulf of Alaska
by Tar get Species Fishery and Gear, 1999, in Metric Tons

Other Species
Target Groundfish Gear : — Forage |Miscellaneous
Species Skate Skllar Sculpin [Octopus| Total [Squid| FEjsh Fish
|. BERING SEA AND ALEUTIAN ISLANDS

Atka m ackerel Trawl 96 0° 285 0° 382 5 - 75
Pacific cod Trawl 831 8 954 23| 1,817 2 2 132
Pacific cod Pot 0° - 649 260 909 0° - 10
Pacific cod Longline 9,625 105 1,139 21 (10,890 0 0 113
Pacific cod All 10,455 113 2,742 304 | 13,615 2 2 255
Flatfish Trawl 11,750 | 179 9,101 11 (21,041 60 20 2,589
Flatfish Longline 5 NA o° NA 5 NA - 42
Flatfish All 11,755 | 179 9,101 11| 21,045 60 20 2,630
Rockfish Trawl 53 3 21 0° 77 5 0° 55
Rockfish Longline 9 1 o¢ o° 11 b - 223
Rockfish All 62 4 21 0° 88 5 0° 278
Pollock Pelagic trawl 314 | 104 40 o° 458 | 403 38 209
Pollock Bottom trawl 42 2 18 1 62 4 1 10
Pollock All 355 | 105 58 1 520 | 406 39 219
Rock sole Trawl 207 o° 152 12 371 NA 0° 69
Sablefish Pot 0°f NA NA 0° 0° NA - 0
Sablefish Longline 105 21 o° o° 126 b - 4,730
Sablefish All 105 21 0° o° 126 - - 4,730
Turbot Trawl 11 NA 3 0° 15 4 0° 12
Turbot Pot 1 - - 0° 1 0° - 0
Turbot Longline 273 | 203 2 0° 479 - - 3,840
Turbot All 285 | 203 6 0° 494 4 0° 3,852
Yellowfin sole Trawl 566 1 935 2| 1,503 NA 2 328
All Trawl 13,827 | 295 | 11,492 48 | 25,662 | 478 63 3,469

Pot 1 - 649 260 909 o° - 10

Longline 10,017 | 330 1,141 22 {11,509 0° 0° 8,947
All All 23,844 | 625 13,282 329 138,080 | 478 63 12,426
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Table3.3-1(Cont.) Estimated Cat chesof Other Species’, Squid, ForageFish,and Miscellaneous Fish
by Groundfish Fisheriesin the Ber ing Sea, Aleutian Islands, and Gulf of Alaska
by Tar get Species Fishery and Gear, 1999, in Metric Tons

Target Other Species Forage | Miscellaneous
Groundfish Gear ) i Fish Fish
Species Skate | Shark | Sculpin [Octopus| Total | Squid
Il. GULF OF ALASKA

Pacific cod Trawl 216 10 98 3 238 0° 15 24
Pacific cod Pot 0° 1 111 115 118 - 45 13
Pacific cod Longline 333 230 129 5 675 - 1 5
Pacific cod All 549 241 338 123 | 1,032 0 61 42
Flatfish Trawl 470 46 58 9 490 7 9 350
Flatfish Longline 0° P P P P P P 4
Flatfish All 470 46 58 9 490 7 9 353
Rockfish Trawl 46 5 26 Oc 17 6 101 123
Rockfish Longline 27 58 0° - - - 10 6
Rockfish All 73 63 26 o° 17 6 111 129
Pollock Bottom trawl 20 63 0° 0° 83 2 2 107
Pollock Pelagic trawl 2 131 3 o° 118 18 23 120
Pollock All 22 194 4 0° 201 20 25 227
Sablefish Trawl 0° -b 0° 0° - 0° 0° 1
Sablefish Longline 200 126 0¢ 0¢ 19 1 2 9,338
Sablefish All 201 126 0° 0° 19 1 2 9,339
All Trawl 754 255 185 13 946 33 151 724
All Pot o° 1 111 115 118 - 45 13
All Longline 1,030 460 187 15| 1,184 8 22 9,703
All All 1,784 716 484 143 | 2,248 41 218 10,440

Notes: ?Forage fish are myctophids, osmerids, bathylagids, sandfish, sand lance, gunnels, and pricklebacks.
Miscellaneous fish are mostly grenadiers, but also include greenlings, poachers, lumpsuckers, ronquils,
gastropods, fish waste, snipe eels, eelpouts, hagfish, pomfrets, and snailfish.
®less than 0.01 mt
°0 less than 0.01 and less than 0.5 mt of estimated catch.

NA — data not available
Source: Observer and NMFS blend data

aleutica). Biomass estimates of sculpin and skate from demersal trawl surveys serve as valuable indices of
their relative abundance.

While biomass estimates have been made for sharks and octopuses, the NMFS bottom trawl surveys are not
designed to adequatdy sample the realms they irhabit. Sharks arerar ey taken during demersal trawl surveys
in the Bering Sea; however, spiny dogfish (Squalus acanthias) is a species usually caught, and the Pacific
deeper shark (Somniosus pacificus) has been taken on occasion. Two octopus species have been recor ded:
Octopus dofleini is the principal species, Opisthoteuthis california appearsonly intermittently.

CHAPTER 3 - DRAFT PROGRAMMATIC SEIS JANUARY 2001

3.3-45



Many species in the squid and other species assemblage areimportant prey for marine mammalsand birds as
well ascommercia groundfish species. Squid and octopus are consumed primarily by marine mammals such
as Steller sea lions (Lowry et al. 1982), norther n fur seals (Perez and Bigg 1986), harbor seals (Lowry et a.
1982, Fitcher 1980b), sperm whales (K awakami 1980), Dall'sporpoi se (Cr awford 1981), Peacific white-sded
dolphins (Morriset a. 1983), and beaked whales (Loughlin and Perez 1985). Sculpins have a so been found
in the det of harbor seals (Lowry et al. 1982).

Examination of eastern Bering Sea and Gulf of Alaska Biomass Estimatesfor Squid and Other Species

Datafrom NMFS surveys provide theonly abundanceestimates for thevariousgroups and species comprising
the other species category. Biomass estimates for the eastern Bering Sea are from a standard survey area of
thecortinental shdf. The 1979, 1981, 1982, 1985, 1988, and 1991 data ind ude estimates from continental
slopewaters (200-1,000min 1979, 1981, 1982, and 1985; 200—800 min 1988 and 1991), but data from ot her
years do nat. Slope estimates were usually 5 percent or less of the shelf estimates, except for grenadiers.
Stations as degp as 900 m were sampled in the 1980, 1983, and 1986 Aleutian |slands bottom trawl surveys,
while surveysin 1991 and 1994 obtained samples to a depth of only 500 m.

Since the survey biomass estimates for species other than squid vary substantialy from year to year dueto
different distributions of the component species, it is probably more reliable to estimate current biomass by
averaging estimates of recent surveys. The averagebiomass of other speciesfrom thelast thr ee eastern Bering
Sea surveys (1997, 1998, and 1999) is 561,600 mt; adding the estimate from the 1997 Aleutian Islands survey
(48,800 mt) yidds atotal BSAI ather sped esbiomass estimate of 610,400 mt.

Biomass estimates from NMF S surveysillustrat e that scul pins were the major component of this group until
1986, after which skate biomass exceeded that of sculpins. T he abundance of skate increased between 1985
and 1990 (when a high of 583,800 mt survey biomass was observed), but had declined to about 370,000 mt
in1999. The abundance of scul pinremained relatively stabl e through 1998, but declined in1999 to thel owest
biomass estimate since 1975.

Trendsinthebiomass of GOA other species (shak, skate, sculpin, smdt, octopus, and souid) wereinvesti gated
using theNM FStriennial trawl survey datafrom 1984 through 1999. Any discussion of biomasstrends should
be viewed with the following caveats in mind:

1. Survey efficiency may haveincreased for avariety o reasons beaween 1984 and 1990, but shauld be
stable after 1990 (Robin Harrison, NM FS Al askaFisheries Science Center - persona communication).

2. Surveysin 1984, 1987, and 1999 included deeper strata than the 1990-1996 surveys. Therefore, the
biomassegtimates for degper-dwdling components of the other species category are not comparable
across all years.

The averagebiomass withinthe other species category, usingall six survey biomass estinmetes, is 160,000 mt.
The mast recert estimate of ather spedes biamass (1999) is 213,000 mt. Skates represent 30 to 40 percent
of the other species biomassfromall surveys and arethe most common speciesin each year except 1984 when
sculpin biomass was highest within the category. Total biomass for the other species category increased
between 1984 and 1999. T hisistheresult of goparent increasesin skate, shark, and smelt biomass, some of
whichmay be difficult to resolve from changesin survey efficiency. Sculpin biomass appear srelatively stable
over this period.
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Ind vidual speciesbiomass trendswere evaluated for the more common and easily identified shark and sculpin
gpeci es encountered by the triennid trawl surveys. In geneal, theinaeasing biomass trend for the shark
gpeciesis aresult of increases in spiny dogfish and slegper shark biomass between 1990 and 1999. Salmon
shark biomass has been stable to deaeasing, acoordingto this survey, but salmon shark is unlikely to bewell
sampled by abottom trawl (as evidenced by the high uncertainty in the biomass estimates). It should be noted
that both salmon shark and Pacific degper shark biomass estimates may be based on a very small number of
individual towsin a given survey. No salmon shar ks were encountered in the 1999 survey, despite reports of
their inareased abundance inothe areas of the GOA.

Indvidual sculpin species display divergent biomass trends between 1984 and 1999. While the biomass of
bigmouth scul pins (Hemitripterus bolini) decreased over the survey period, great sculpin (Myoxocephalus
polyacanthocephalus) biomass remained relatively stable, and yellow Irish lord (Hemiliepidotus jordani)
biomassinaeased. Y ellow Irish lord biomass appears to have increased over time despite genara stability in
the number of hauls where the species occurred, whereas bigmouth scul pins were encountered in fewer hauls
each year. Uncertainty inthese estimates varies betweenyears

In addition to sharks and sculpins, available biomass estimates for grenadiers (Macrouridae), which are not
included intheother species category, wareexamined. The spedes most commonly encounteredin thetriennial
trawl surveys was the giant grenadier (Albatrossia pectoralis). The Pacific grenadia (Coryphaenoides
acrolepis) was present, but with much lower estimated biomassin al years. Survey coverage of degper strata
is particularly important to grenadier biomass esimates, therefore, the 1990-1996 survey estimates are
corsidered to beof littleuse for deecting trends in grenadier abundance.

Current Stock Assessment and OFL/ABC and TAC Deter minations

No reliable biomass estimates for squid exist, and no stock assesament pe se. Sabolessky (1996) cites an
egtimate of 4 million tons for the entire Bering Sea made by squid biologists at the Pacific Research Institute
of Fisheries and Oceanography (Shuntov 1993), and an estimated 2.3 million tonsfor the westernand centrd

Bering Sea (Radchenko 1992), but admits that squid stock abundance estimates have received little attention.

NMFS bottom trawl surveys almost certainly underestimate squid abundance. Sauid catches and ABCsare
amost certainly avery small per centage of the total squid biomass in the eastern Bering Seaand GOA. BSAI

squid ABC and OFL are set using criteriain Tier 6, as described in Amendment 44 to theBSAI FMP, given
thelack of data on squid population dynamicsand biomass. OFL isset equal to the average annual catch from
197810 1995 (2,624 ), whileABC is capped at nogreater than 75 percent of OFL (1,970 mt). Ascurrently
defined, BSAI squid ABC and OFL valueswould remain constant inthefutur e, unlessdiff erent methodologies
were employed to assess squid abundance (e.g., analysis of fishery CPUE data). This methodology change
could occur under any of the dternatives considered. The BSAI squid TAC has been set equal to the stock-

assessment-recommended ABC by the Council.

Reliable biomass estimates exist for two groups (skates and sculping) that comprise the bulk of the biamass
and fishery catches in the other species category. Survey biomass estimates for shark, smelt, and octapus,
whilenot reliable, represent the best data available on the abundance of these species. A single estimate of M
for this diverse assanblage while not known is consavatively estimated at 0.2. OFL for the other species
assemblageis set using the criteriain Tier 5 (as described in Amendment 44), where For, =M, and OFL =M
x (tota other speciessurvey biomass). Using Tier Scriteria, ABCis cappead at 75percent of OFL. However,
rat her than use thismethod, since 1978, the other gpecies ABC hasbeen cal culated asthe average annual catch
in order to avad paential five-fold increases in ather spedescatches that could occur if ABC wereset at 75
percent of OFL. In 1998 (for the 1999 fishery), the Council began a 10-step increase toward full F = M
exploitation drategy for the other species complex by implementing the first 10 percent of the difference

CHAPTER 3 - DRAFT PROGRAMMATIC SEIS JANUARY 2001

3.3-47



between that strategy and average catch since 1978. For the 2000 fishery, the Council stopped the stepwise
increase and kept the ABC at a level appraximatdy 10 percent higha than the stock assessment author’s
recommendation. BSAI other species TAC has been set equa to the other species ABC by theCourcil. A
2000 ABC for the BSAI other species category set using this pracess (31,360 mt) represants an exploitation
rate of about 5 per cent of the best estimate of current biomass (610,400 nt). This estimatewas obtained by
averaging the three most recent eastern Bering Sea bottom trawl survey estimates of other species biomass
(561,600 mt from 1997 to 1999), and adding the most recent Aleutian Idands bottom trawl estimete (48,800
mt from 1997).

The annual TAC for GOA other species (whichincludes squid) isset equal to 5 percent of the sum o all GOA
groundfish TACs. Catches of other species inthe GOA ranged between 1,570 mt and 6,867 mt from 1990 to
1999.

3.3.1.13 Forage Fish
Abundance, Distribution, and Food Habits

Forage fishes, as a group, occupy a nodd or centra position in the North Pacific Ocean food web, being
consumed by awide variety of fish, marine mammals, and seabirds. Many species under go large, seemingly
unexplainable, fluctuationsin abundance. Mogt of these are R-selected species (e.g., pollock, herring, Atka
mackerel, capelin, sand lance), which generally have highe reproductiverates, ar e shorter-lived, attain sexual
maturity at younger ages, and have faster individual growth rates than K-selected species (e.g., rockfish and
many flatfish, which are speciesthat are generally long-lived, reach sexua maturity at an older age, and grow
dowly). Predatorsthat utilize R-sdlected fish species as prey (marine mammals, birds, and other fish) have
evolved in an ecosystem in which fluctuations and changes in relative abundance of these species have
occurred. Conseguently, most of than, to some degree, are generaists who are not dependent on the
availability of asingle speciesto sustain them, but instead rely on asuite of species, any one (or mare) of which
islikely to be abundant each year. However, dfferencesin energy cortent exist among forage species, with
herring, sand lance, and capdlin containing higher energy content per unit mass than other forage species such
asjuvenile pdlock (Payne @ al. 1997). It is possible that changes in availability of higher energy content
forage may influence growt h and survival of the upper-trophic-level speciesrd iant on forage speci es as their
main prey.

Some evidence exists that osmerid abundance, particularly capelin and eulachon, have significantly declined
sincethe mid-1970s. Evidence for this comes from marine mammal food habits data from the GOA (Calkins
and Goodwin 1988), aswell asfrom data collected in GOA hiological surveys not designed to sample capelin
(Anderson et a. 1997) and eastern Bering Sea commercial fisheries bycatch (Fritz et al. 1993). It is not
known, however, whethea smelt abundance has declined or whether the populations have redistributed
vertically, presumably due to warming surface waters in the region beginning in the late 1970s. This
conclusion could also be drawn from the data presented by Yang (1993), who documented considerable
consumption of capelin by arrowtooth flounder, ademersal |ower-water-columm feeder, in the GOA.

Distribution, species associations, and biomasstrends of various forage fishesintheBering Sea wererecently
summearized by Brodeur et al. (1999). In addition to observations on the eastern shelf, ths summary also
included datafrom two Russian crui sesthat covered both eastern and western Bering Sea shelf regionsin 1987.
Spatial digtributionsof some forage speci esinthe eastern Bering Sea(age 1 pollock, age 1 cod, Pacific herring,
capelin, and aulachon) showed somespatial separation of the groupsand some changes indistributioninacold
versus warm year. Capelin were associated with colder temperatures in the northern part of the study area,
while age-0 pollock were associated with warmer temperatures than the overall measured temperature.

JANUARY 2001 CHAPTER 3 - DRAFT PROGRAMMATIC SEIS

3.3-48



Eulachon werefound only in the warmer temperatures at the souther n part of the sampling area. Although this
study did not find any long-term trends in forage fish abundance in the Bering Sea, the study period began in
1982, which is generally considered to be awarmer period in theBering Sea. Andydsdf 36 yearsof Russian
pelagic trawl dataindicates different periodsof fish abundance, depending on environmental conditions. Inthe
westernBering Seaand Okhotsk Seg, herring and capelin appear toalternate inabundance with pollock. Such
a pattern has not been definitively identified for the easten Bering Sea.

Smelts

Smelts(capdin, rainbow smelt, andeulachon, family Osmeridae) areslender schodingfishesthat can beeither
marine, such as capelin (Mallotusvillasus) or anadramous, such as rainbow smelt (Osmerus mordax dentex)
and eulachon (Thaleichthys pacificug). Figure3.3-9 shows a generalized distribution of these three smelt
speci esin the southeastern B ering Sea based an datacollected by NMFS summer groundfish trawl surveysand
by fishaies obsavers.

Capdlin are distributed along the entir e coastline of Alaska and south along British Columbiato the Strait of
Juan deFuca. In the NorthPacific Ocean, capdincan grow toa maximumof 25cm at age 4. Most capelin
spawn at age 2 or 3, when they are only 11 to 17 cm (Pahlke 1985). Spawning occurs in fringin intertidal
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Figure3.3-9  Distributionof capd in, rainbow smelt, and eulachon in Alaska FisheriesScience Center
summer groundfish trawl surveys. Sources NMFS
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zones of coarse sand and fine gravel—especially in Norton Sound, northern Bristol Bay, and around K odiak
Idand. Very few capelin survive spawning. The age of maturity of capelin in the Barents Sea has been shown
tobeafunction of growthrat e, withfast-growing coharts reaching maurity at an earlier age than dow-growing
cohorts. Thus, it ispossibletohaveslow- and fast-growing cohortsmaturein the same year, resultingin large
spawning biomasses oneyear preceded and potertially followed by small spawning biomasses.

In the Bering Sea, adult capelin are only found near shore during the months surrounding the spawning run.
During other times of the year, capelin are found far offshore in the vicinity of the Pribilof 19 ands and the
continental shdf break. Theseasonal migration may be associat ed with the advancing and retreating polar ice
front, asitisinthe Barents Sea. Inthe eastern Bering Sea, winter ice completely withdraws during the summer
months. If migration followstheice edge, the bulk of the capelin biomass in the Bering Sea could belocated
in the northern Bering Sea, beyond the area worked by the groundfish fisheriesand surveys. Very few capelin
arefoundin surveys, yet they are amgjor comporent o thedies of marine mammals feeding a ong thewinter
iceedge (Wespestad 1987), and of marine birds, especidly in thespring. Inthe GOA, which remainsice-free-
year-round, capelin overwinter in the bays of Kodiak Idand and in Kachemak Bay.

Capelin have shown abr upt declines in occurrence in small-mesh trawl survey samples in the GOA (Piatt and
Anderson 1996, Anderson and Piatt 1999). In bath NMFS and ADF& G survey data, capelin first declined

along the east sideof Kadiak Idand and bays along the Alaska Peninsula. Subsequent declines took placein
the bays along thewest side of Shelikof Strait. These dedines happened quickly, and low abundance has
persisted for over adecade. The declinewas coincident with increasesinwater temper ature of the order of 2°C,
which began inthelate 1970s Capdin have fairly narrow temperature preferences and probably were very
susceptible to the increase in water column temperatures (Piatt and Anderson 1996, Andeson et al. 1997).

Mapping of relative densities of capelin showed defined areas of relative high abundance. The Shelikof Strait

region showed relatively high catchesin Kujulik, Alitak, and Ol ga bays. Most catches of capelin were closdly
associat ed with bays, except for of high catches offshore of Capelkolik at the southwest end of Kodiak 14 and.

Isolated offshore areas east of Kodiak Isand showed some high catches, with most of the high catches
associated with Ugak and Kazakof Bays. Only isolated catches of lessthan 50 kg wereevident inthe database
from Prince William Sound, the Kenai Peninsula, andlower Codk Inlet.

Thediet of capelinintheNorth Pecific Ocean, as summarizedby Hart (1973) and T rumble (1973), isprimarily
planktivorous. Small crustaceanssuch as euphaus idsand copepodsare commonto thediet of capelin, although
marine warms and small fish arealso part of ther did. In theBering Sea, adult capdin consume copepads,
mysids, euphausi ids, and chaetognaths. Juvenilesprimarily consume copepods (Naumenko 1984). The largest
capelin (over 13 cm) consume euphausiids nearly exclusively. Capdin feed throughout the year in the Bering
Sea. However, the diet exhibits seasonal variation thet is due in part to spawnng migration and behavior.

The primarily planktivoraus diets o euachon, sand lance, and capelin reduce the potential for didary
competition with the piscivorous and benthic diets of most groundfish. However, the potential for digary
competition is greater between pollock and forage fish due to the importance of planktonic prey, such as
euphausiid and copepod in ther digs.

Rainbow smelt ascend riversto spawn in spring shortly after the ice breakup. After spawning, they return to
the seatofeed. Surveys have found concentrations of rainbow smelt off Kuskokwim Bay, Togiak Bay, and
Port Heiden (Figure 3.3-9), but they also probably occur near many river mouths. Rainbow smdt mature at
ages 2 a 3 (19 to 23 cm), but can liveto be as old as 9 years and as large as 30 cm. Little is known about
abundancetrends o this species.
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Eulachon aso spawn in spring in rivers of the Alaska Peninsula, and possibly other rivers draining into the
southeastem Bering Sea. Euachonliveto age5 andgrowto 25 cm, but most diefollowvingtheir first spawning
at age 3. Eulachon ar e consistently found by groundfish fisheries and surveys between Unimak Idand and the
Pribilof 1slandsin the Bering Sea, and in Shelikof Strait in the GOA (Figure 3.3-9). Evidence from fishery
observer and survey data suggests that eulachon abundance declined in the 1980s (Fritz et al. 1993). These
data should be interpr eted with caution because surveys were not designed to samplesmall pelagic fishes such
as eulachon, and fishery data were collected primarily to estimate total catch of target groundfish. Causes of
the decline, if real, are unknown, but may berelated to variability in year-class strength, as noted for capdin.
Small-mesh shrimp trawl surveys inthe GOA ooastal areas suggest that eulachon hasremained at a low leve
of relative abundance since 1987. Eulachon are currently at the lowest recorded level in the survey series
(1972-1997) at 0.01 kg/km (Anderson and Piatt 1999).

The diet of eulachon inthe North Pacific Ocean generally consists of planktonic prey (Hart 1973, Macy et d.
1978). As larvae they primarily consume copepod larvae; post-larvae consume a wider variety of prey,
including phytoplankton, copepod eggs copepoads, nysids, ostracads, barnacle larvae cladocerans worm
larvae, andlarval eulachon. Juvenileand adult eulachon feed almost exclusively on euphausiids withcopepods
and cumaceans occasionally inthedid.

Pacific Sand Lance

Pacific sand |ance (Ammodytes hexapterus, family Ammodytidag are usually found on the sea baitom, at
depths between 0 and 100 m except when feeding (pelagically) on crustaceans and zooplankton. Spawning is
believed to occur in winter. Sand lance mature at 2 to 3 years and lengths of 10to 15 cm. Littleisknown of
their distribution and abundance; they arerarely caught by trawls. Inthe Bering Sea, sand lance are common
prey of salmon, northern fur seals and many marine bird species. Thus, they may be abundant in Bristol Bay
and aong the Aleutian Islands and Alaska Peninsula. I n the GOA, sand lance are prey of harbor seals,
northern fur seals, and marine birds, especially in the Kodiak Idand area and dong the southern Alaska
Peninsula. Given the sand lance's short life span, and the large number of speciesthat prey onit, mortdity,
fecundity, and growth rates are probably high.

Sand lance in the Kodiak Idand region undergo an extensive migration that is courter tothenormal pattern
found with many inshore species. Spawning takes placein thelatefall and wirter, and usualy is completed
in January. Hatching of larvae continues over an extended time, until March and perhaps April (Blackburn et
al. 1983, Blackburn and Anderson 1997), and some larva fish may spend up to several months in beach
sediments. Newly hatched larva sand lance and adults start migrating offshore in the early spring and spend
some timein off shor e bank areas, wher ethey can often beabundant (Clemens and Willoughby 1961). Offshore
ichthyoplankton surveys in the GOA indicated high larval abundance, first appearing in early March and
remaining high until early July, but then disappearing In the late summer, massive schods o fish start
migrating inshore to suitable beach habitat for spawning and overwintering. These inshore migrating schools
provide important forage for species such as offshore migrating seabirds during late summer and early fall.
Hence, sand lance are among one of the few fish that migrate inshore during the late summer months to
overwinter near-shorewhile maost other fish migrate offshore prior to winter months.

Hart (1973) and Trumble (1973) summarized the diet of sand lance in the North Pacific Ocean as primarily
planktivorous; ther primary prey changing with ontogeny. Larval sand lance consume diatoms (microscopic
one-celled or colonia agae) and dinoflagellates (photosynthetic marine organisms); post-larvae prey upon
copepods and copepad nauplii. Morerecent information on thefood habits of age-0 and age-1 sand lance show
a dominance of calanoid copepods in the did, with barnacle nauplii, larvaceans, and shrimp larvae as other
important prey (Bladkburn and Anderson 1997). Adult sand lance prey upon chaetognaths, fish larvae,
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amphipads, annelids, and common copepods. Sand lance exhibit seasonal and diurna variation in feeding
activity and are gpporturistic feaders upon abundant plankton blooms

Lantern Fish and Degp-sea Smelt

Lantenfishes (family Myctophidae) and deep-sea smelts (family Bathylagidae) are distributed pelagically in
the deep sea throughout the warld's oceans. Most species in both families occur at depth during the day and
migrate to near the surface to feed (and be fed upon) at night. A comman myctophid in the Bering Sea and
GOA is the northern lampfish (Stenobrachius leucopsarus), which has a maximum length of approximately
13 cm. Deep-sea smelt of the North Pacific Ocean include blacksmdt (Bathylagus spp.) and northern
smoothtongue (Leuroglossus stilbius schmidti), each of which have maximum lengths of 12-25 cm.
Lanternfish and degp-sea andt areimportarnt foragefishes for marinebirds and mammals. Becausethey are
rarely caught in survey or fishery trawls, nothing is known of recent trendsin their abundance.

Because deep-sea smelts have a small mouth, dense flat gill rakers, a small stomach, and long intestine, they
consume weak-swimming, soft-bodied ani mal s such as pteropods, appendicul aria, ctengphores, chaetogreths,
polychaetes, and jellyfishes. Deep- sea smeltsin the epipel agic zone can also feed on euphausiids and copepods
at night when they are abundant (Balanov & al. 1995, Gordova and Kobylyanskiy 1985).

Becauseof their large mouth, relatively spar se and denticulate gill rakers, well-developed stomach, and short
inteting, lantan fishes mostly consume actively swinming animals such as copepods and euphausiids
(Balaov & al. 19%5).

Pacific Sandfish

The Pacific sandfish (Trichodon trichodon, family T richodontidae) lives in shallow inshorewaters to about
50 m depth and grows to a maximum length of 30 cm. Some evidence shows sandfish exhibit burrowing
behavi or in which they bury themselves in the sand and come to rest with only their dorsal surface showing.
Nothing is known of trends in their abundance. They are fed upon by salnon and other fish, as well as
pinnipeds.

The dig of sandfish consigs of amall crustaceans such asmysids, amphipods, and cumaceans (Kenyon 1956,
Mineva 1955). Morerecent information fromthe GOA showsthet sandfish consume sand lance, several types
of shrimp, crab larvae, cumaceans, and polychaetes (Paul et al. 1997). In the eastern Bering Sea, the diet of
Pacific sandfish is primarily (95 percent by weight) fish, especially gadids (Brodeur and Livingston 1988).

Euphausiids

Along with many copepod species, the euphausiids farm acritical zooplanktonic link between the primary
producers (phytoplankton) and all upper pelagic trophic levels. These crustaceans, aso known askrill, occur
in large swarmsin both neritic (near shore) and oceanic (offshore) waters. Members of at least 11 genera of
euphausiids are known from the North Pacific Ocean, the most important (interms of numba's of species)
being Thysanopoda, Euphausia, Thysanoéssa, and Stylocheiron (Boden et al. 1955, Ponomareva 1963).
Euphausids are generaly thought to make diurna vertica migrations, remaining at depth (usually below 500
m) during theday and ascending at night to 100 m or lessto feed. Howeve, thisis camplicated by thefact that
as euphausiids grow they are foundat deeper depths, except during spawning, which occursin surface waters.
Spawning occursin spring to take advantage of the spring phytopl ankton bloom, and thehatched rauplii larvae
live near the surface (down to about 25 m). By fall and winter, the yaung austaceans arefound manly at
depths of 100 m or less, and make diurral vertical migrations. Sexua maturity isreached thefollowing spring
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at agel. After spawning, adult euphausiidsgradually descend to deeper depthsuntil fall and winter, whenthey
no longer migrate daily tonear-surface waters. Intheir second spring, they aggain riseto the surfaceto spawn;
euphausiids older than 2 years are very rarely found. This classical view of euphaudid life history and
longevity was recently questioned by Nichol (1990), who repartedthat Antarctic euphausiids may live aslong
as 6 to 10 years; annual euphausiid production, then, wauld be much lower than if they lived only 2 years.

While euphausiids are found throughout oceanic and neritic waters, their swarms are most commonly
encountered in areas where nutrients are available for phytoplankton growth. This occurs primarily inareas
whee upwelling of waters from depths into the surf ace region is a consistent oceanographic feature. Areas
with such features ar e at the edges of the various domains on the shelf or at the shelf-break, at the heads of
submarine canyons, on the edges of gullies on thecontinental shdlf (e.g., Shumagi n, Barnabus, Shel ikof gul lies
inthe GOA), in idand passes (on certain tides) in the Aleutian Islands (e.g., Seguam Pass, Tanaga Pass), and
around submerged seamounts (eg., west of Kiskalsland). Itisnocoinddencethat theseare aso primefishing
locations used by commercia fishing vessels seeking zooplanktivorous groundfish, such as pollock, Atka
mackerel, sablefish, and many rockfish and flatfish spedes (Fritz & al. 1993, Livingston and Goiney 1983,
Yang 1993).

The species comprising the euphausiid group occupy a position of considerable importancewithin the North
Pacific Ocean food web. Euphausiids are esten by almost al other major taxa inhabiting the pe agic realm.
The diet of many fish species other than the groundfish listed previously—including salmon, smelt (capelin,
eulachon, and other osmerids), gadids such as Arctic cod and Pacific tomcod, and Pacific herring—is
composed, to varying degrees, of euphausiids (Livingston and Goiney 1983). They areadso the principa item
in the diet of most baleen whales (e.g., minke, fin, sei, humpback, northern right, and bowhead whaes [Perez
1990]). While copepods generally constitutethe majar portion of thediet of planktivorousbirds (e.g., auklets),
euphausiidsareprominenti nthedi etsof some predominatdy piscivoroushirdsin certainareas|eg., kitti wakes
on Buldir Idand in the Aleutian Islands, Middleton Idland in the GOA, and Saint Matthew Island in the Bering
Sea (Hatch @ al. 1990)]. Euphausiids arenot currently sought for human useor corsumption from theNorth
Pecific Oceanon ascae other than local, but lar ge (about 500,000 mt per year) krill fisheries from Japan and
Russia have been operating in Antarctic waters since the early 1980s (Swartzman and Hofman 1991).

Thediets of euphausiidsin the North Pacific Ocean cansist of planktoric prey. Species o the genusEuphausia
consumediatoms, dinoflagdlates, tintinni ds, chaetognaths, echinoderm larvae, amphipods, crustacean larvae,
ommatidians, and deritus (Mauchline 1980). Species of the genus Thysanoessa consume diatoms,
dinoflagellates, tintinnids, radiol arians, foraminiferans, chagtognaths, echinadermlarvae, mdlusks, crustacean
larvae, ommatidiansand deritus(Mauchline 1980). Inthe GOA, several spedesof Thysanoessaaso consume
walleyepollock eggs (Brodeur and Merati 1993).

Gunnels and Pricklebacks

Gunnels(family Pholidae) and pri cklebacks(f amily Stichaeidae, includi ng war bonnets, edl blenrnys, cockscombs
and shannys) are long, compressed, ed-li ke fishes with long dorsal fins often joined with the caudd fin.
Pricklebacks are so named because of thespiny raysin the darsal fin in most species (some have soft rays at
therear of thedorsal fins). Gunnels haveflexibledorsd finrays, they differ frompricklebacksin thattheanal
finissmaller (the distance from thetip of the snout to the front of the anal fin is shorter than the length of the
anal fin). Most species of both familieslivein shalow nearshore wat ers among seaweed and under rocks and
are mostly less than45 cmin length. Approximately 14 species of stichaeids and 5 species of phdids accur
in Alaska. Nothing is known about their abundance, and little is known about growth rates, maturity, and
trophic rel ationships, although they are believed to grow quickly. Some cocks combs in British Columbia
attain sexual meturity at age 2 years.
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Thedietsof gunnds (family Phdidag) consist primarily of berthic and epibenthic prey. Amphipods, isopods,
polychaeteworms, harpacticoid copepods, cumaceans, munid crabs, insects, mysids, algae, ostracods, bivalves,
crustacean larvae, and tunicates have been described as their main prey (Simengtad et d. 1979, Williams
1994). Juvenile fish prey (English sde, Parophry vetulus and sard lance, Ammodytes hexapterus) have also
been describal as infrequent components of its detin Puget Sound, Washington (Simenstad et al. 1977).

Some of thedids of thestichad dsare described here. T he longsnout prickleback (Lumpenellalongirostris)
eats copepods almost exclusively (Barraclough 1967). Y oung ribbon pricklebacks (Phytichthys chirus) eat
copepods and oikopleura (Robinson et a. 1968). T he food of the adults of this species includes crustaceans
and red and greenalgae. Black pricklebacks (Xiphister atropurpureus) consume copepods, copepod nauplii,
and clamlarvae (Barraclough et al. 1968). It hasd s0 been reported that an important food of high cockscomb
(Anoplarchus purpurescens) was green dgae. Other food of this species include polychaete worns,
amphipads, mollusks, and crustaceans.

Bristlemouths, Lightfishes, Anglemouths

Thisisalargeand dvese family (Gonostomatidae) of small (to abaut 8 cm), bathypelagic fishthat arerarely
obsaved except by researchers. They can be abundant at depths of up to 5,000 m. As many as Sx species
may occur in the North Pacific Ocean and Bering Sea.

Bristleworms, lightfishes, and anglemouths (Gonost omatidag) have large gill openings and well-devel gped gill
rakers, characteristics of zogplankton feeders. The primary zooplankton prey of gonostomatids are calanoid
copepads. Other food includesostracodsand euphausids. Somelar ger gonostomati dsalso consume somefish
(Gorelova 1980).

Significance of Forage Fish inthe Diet of Eastern Bering Sea Groundfish

In the eastern Bering Sea, f orage fish, as defined here, are found in the diets of walleye pollock, Pacific cod,
arrowtoath flounder, Pacific haibut, Greenland halibut, yellowfin sole, rock sole, Alaskaplaice, fl athead sole,
and skates. However, forage fish do not represent a large portion of thedig, by weght, of these predatars,
withthe exception of shelf rock sole(14.3 percent) and slopepollock (12.6 percent). Tables 3.3-2 and 3.3-3
present the ten most important prey, by weight, in thediets of each predator for the eastern Bering Sea shelf
and sloperegions, respectively. All forage fish species areitalicized. Foragefishthat arein the diet, but not
one of the ten most important prey by weight, are also listed. The miscellaneousfish category represents all
fish prey not included as one of the ten most important prey categories, primarily unidentified fish. All
groundfish diet data are from the Alaska Fisheries Science Center’s Resource Ecolagy F shery Management
Division, groundfish food habits database.

Eastern Bering Sea Shelf

Despite the generally piscivorous diet of cod, arrowtooth flounder, Pacific halibut, Greenland halibut, and
skates, foragefish arenot principal components, by weight, inthediets of eastern B ering Sea groundfish (Table
3.3-2). Sand lance are the most prevalent forage fishin thediet of cod (0.8 percent) while capelin, osmerids,
bathylagids, myctophids, and eulachon each represent 0.1 percent or less of the diet by weight. In the diet of
arrowtooth flounder, capelin and eulachon each represant 0.2 percent of thedid by weight, while osmerids,
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Table3.3-2 TheDid of Selected Easte n Bering Sea Shelf Groundfish Species

Rank Pollock | Cod | Arrowtooth Flounder | Pacific Halibut Greenland Halibut
1 Euphausiids (44.9) Pollock (49.1) Pollock (67.4) Pollock (53.9) Pollock (74.8)
2 Pollock (17.0) Offal (12.1) Miscellaneous fish (15.3) Flatfish (9.0) Squid (11.1)
3 Copepods (11.4) Brachyurancrab (10.3) Herring (54) Brachyuran crabs (7.8) Miscellaneous fish (6.2)
4 Shrimp (8.0) Miscellaneous fish (7.6) Offal (3.6) Misc. fish (7.6) Offal (4.1)
5 Amphipods (4.1) Flatfish (7.1) Amphipods (1.8) Anomuran crabs (4.6) Flatfish (1.2)
6 Mysids (3.2) Anomuran crabs (3.4) Squid (1.8) Cod (4.3) Cod (0.9)
7 Miscellaneous fish (2.8) Shrimp (2.5) Euphausiids (15) Offal (4.1) Herring (0.7)
8 Offal (1.1) Polychaete worms (1.0) Flatfish (1.0) Sand lance (2.2) Myctophids (0.2)
9 Capelin (0.7) Sand lance (0.8) Scorpaenids (0.3) Capelin (1.8) Shrimp (0.2)
10 Sand lance (0.5) Gastropods (05) Capelin (0.2)

Herring (1.1)

Cyclopterids (0.2)

Other forage fish

Osmerids (<0.1)
Bathylagids (<0.1)
Myctophids (<0.1)
Eulachon (<0.1)

Capelin (0.1)
Osmerids (<0.1)
Bathylagids (<0.1)
Myctophids (<0.1)
Eulachon (<0.1)

Eulachon (0.2)
Osmerids (0.1)
Myctophids (<0.1)
Sand lance (<0.1)

Osmerids (0.1)
Eulachon (<0.1)

Bathylagids (0.1)
Osmerids (<0.1)
Sand lance (<0.1)

Rank Yellowfin Sole Rock Sole Alaska Plaice Flathead Sole Skates
1 Echiuroid worms (22.4) Polychaete worms (44.9) Polychaete worms (55.5) Echinoderms (28.3) Pollock (56.7)
2 Bivales (18.5) Sand lance (14.3) Bivales (11.1) Pollock (25.6) Miscellaneous fish (9.9)
3 Polychaete worms (18.1) Echiuroid worms (11.0) Echiuroid worms (10.7) Shrimp (12.8) Brachyurancrabs (8.8)
4 Amphipods (7.0) Amphipods (7.2) Sipunculid worms (10.7) Miscellaneous fish (5.8) Flatfish (6.7)
5 Echinoderms (3.7) Bivalves (5.1) Amphipods (4.6) Euphausiids (45) Shrimp (5.5)
6 Anomuran crabs (3.7) Sipunculid worms (5.0) Priapulid worms (2.8) Offal (3.9) Offal (5.2)
7 Euphausiids (3.2) Echinoderms (2.8) Exhinoderms (2.0) Mysids (3.5) Anomuran crabs (3.1)
8 Shrimp (3.1) Shrimp (2.0) Unidentified crustaceans (0.6) Bivales (3.1) Ampipods (1.3)
9 Gastropods (2.6) Miscellaneous fish (1.6) Sand lance (0.5) Anomuran crab (25) Sand lance (0.7)
10 Brachyuran crabs (2.4) Priapulid worms (1.5) Brachyuran crabs (0.2) Brachyurancrab (2.3) Cod (0.4)
Other forage fish Sand lance (0.6) Osmerids (<0.1) N/A Capelin (1.3) Capelin (0.1)

Bathylagids (<0.1)
Capelin (<0.1)

Sand lance (0.5)
Osmerids (0.1)

Myctophids (<0.1)

Sandfish (0.1)
Myctophids (<0.1)

Notes: Forage fish in the diet appear in italics.
Numbers in parentheses rep resent perc ent by weight c ontribution to the diet.
N/A - Indicates no other forage fish in the diet.

Source: NMF S, unpu blished data
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myctophids, andsand lance eachconstitute0.1 percert or less. Thediet of Pacific halibut contains 2.2 per cent
sand lance and 1.8 percent capelin; osmerids and eulachon each represent 0.1 percent or less. M yctophids
represent 0.2 percent of the diet of Greenland turbat; bathylagids, osmerids, and sand lance represent 0.1
percent or less. Sand lance are the most important forage fish in the diet of skates (0.7 percent); capdlin,
sandfish, and myctophids each represent 0.1 percert or less. Sand lance is the most prevalent forage fish
species in the diet of walleye pollock (0.5 percent); osmerids, bathylagids, myctophids, and eulachon each
represent less than 0.1 percent of the diet by weight. The total cantribution (0.6 percent) of foragefishes to
the diet of yellowfin soleis primarily dueto sand lance; bathylagids and capelin each represent less than 0.1
percent by weight. Sand lance are the second maost important prey inthe diet of rok sole 14.3 percert by
weight; osmerids are the only other faragefishpresent inthedid (less than 0.1 percent). Sand larce arethe
only foragefishfound inthedie of Alaskapaice representing 0.5 percent of the diet. FHlathead soleconsume
capelin (1.3 percent), sand lance (0.5 percent), osmerids (0.1 percert) and mydophids (lessthan 0.1 percent).

Eastern Being Sea Slope

Lang and Livingston (1996) stud ed the digs of groundfishin the eastern Bering Sea slope region. In this
region, forage fish are relatively unimportart in the diets of Greenand halibut, flathead sole arrowtoah
flounder, and cod (Table 3.3-3). However, 12.6 percent of thediet o pollock onthe slgoe condists of forage
fishes. Greenlandhalibut consumebathylagids(0.4 percent) and myctophids (0.4 percent) as the only forage
fish in their det. Flathead sole also consumed bathylagids (0.3 percent) and myctophids (0.1 percent).
Myctophids (0.2 percent) are the only forage fish found in the diet of arrowtooth flounder. Pollock consume
bathylagids (7.0 percent), myctophids (5.5 percent), osmerids (0.1 percent), and sand lance (less than 0.1
percent). Forage fish are negligible in the diet of cod; bathylagids represent less than 0.1 percent of the diet
by weght.

Significance of Forage Fish inthe Diet of Gulf of Alaska Groundfish

Y ang and Nelson (2000) studied the diets of groundfish in the GOA shelf during summer. They found that the
main fish prey of groundfish in the GOA included pollock, Pacific herring, capelin, Pacific sand lance,
eulachon, Atkamackerel, bathylagids, and myctophids (Table 3.3-4). Although walleye pollock was the most
important fish prey of ar rowtooth flounder, Pacific haibut, sablefish, Pacific cod, and walleye pollock inthe
GOA, other farage fish species comprised 1 to 23 percent of the diet of groundfish. Capelin was important
food o arrowtooth flounder and pdlock, comprising 23 and 7 pacent o thedie of arrowtooth flounder and
walleyepollock in 1990, respectively. T heconsumption of the capelin by wall eye pollock gradual ly decreased
to 3 percentin 1993; to 0 percent in1996. Compared to 1990, arrowtooth flounder also consumed less capelin
in 1993 (4 per cent) and in 1996 (10 percent). The capdin consumed by these gr oundfish were mai nly located
northeast and southweg of Kodiak Island. Eulachon comprised 6 percent of thefood of sablefish. Myctophids
were important forage fish for shortraker rockfish, comprising 18 percent of the diet of shortraker rockfish.
Pacific sand lance were found in the ssomachs of arrowtooth flounder, Pacific halibut, sablefish, Pacific cod,
and walleyepollock, but their contributionto thesediets was small (1 percent o less). Bathylagdswere only
found in the diet of walleye pdlodk, and they contributedless than 1 percent. Pacific sandfish was not found
in the diet of thegrourdfish inthe GOA.

In the Atlantic, strong inter actions between cod and capel in have been recor ded (Akenhead et d. 1982). Even
though Pacific cod did not feed so heavily on capelin in theGOA, capelin was an inportart fishprey of several
groundfish species. The distribution and the abundance of forage fish in the GOA are not well known.
However, a series of years with poor forage fish recruitment, which decr eases the availability of smal prey
fish, may havegreater inpact on pisdvorousgroundfishes.
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Table3.3-3 Diet of Selected Eastern Bering Sea Slope Groundfish Species

Rank | Greenland Halibut | Flathead Sole | Arrowtooth Flounder | Pollock Cod |
1 Pollock (58.3) Echinoderm (49.6) Pollock (55.4) Euphausiids (26.4) Pollock (51.4)
2 Squid (18.5) Offal (23.7) Miscellaneous fish (15.9) | Shrimp (16.4) Offal (9.7)
3 Offal (11.9) Scorpaenidae (10.1) Squid (11.3) Pollock (15.8) Miscellaneous fish (9.1)
4 Miscellaneous fish (5.0) | Shrimp (4.2) Herring (11.1) Squid (8.3) Shrimp (8.6)
5 Cyclopterids (2.7) Miscellaneous fish (4.0) | Shrimp (4.6) Miscellaneous fish (7.0) | Brachyuran crab (6.2)
6 Flatfish (0.8) Pollock (2.9) Offal (0.7) Bathylagids (7.0) Flatfish (4.0)
7 Herring (0.6) Polychaete worms (1.6) | Echinoderm (0.3) Myctophids (5.5) Herring (3.5)
8 Bathylagids (0.4) Brachyuran crab (1.4) Miscellaneous Offal (3.7) Squid (1.9)
Unidentified (0.3)
9 Myctophids (0.4) Squid (0.4) Euphausiids (0.2) Copepods (2.2) Cod (1.0)
10 Anomuran crab (0.1) Mysid (0.4) Myctophids (0.2) Herring (2.5) Polychaete worms (0.9)

Other forage fish

N/A

Myctophids (0.3)
Bathylagids (0.1)

N/A

Osmerids (0.1)
Sand lance (<0.1)

Bathylagids (<0.1)

Notes: Forage fish in the diet appear in italics.
Numbers in parentheses represent percent by weight contribution to the diet.
N/A — Indicates no other forage fishin the diet.

Source: Lang and Livingston 1996

CHAPTER 3 - DRAFT PROGRAMMATIC SEIS JANUARY 2001

3.3-57



Table 3.3-4 Percent by W eight of Important Prey Consumed by Gr oundfish in the Gulf of Alaska

Predator

Prey Arrowtooth | Pacific | Sablefish | Pacific | Pollock | Shortspine | Rougheye | Shortraker | Dusky | Pacific Ocean Northern

Flounder [Halibut Cod Thornyhead | Rockfish | Rockfish | Rockfish Perch Rockfish
Pollock 66 57 24 7 2 1 0 0 0 0 0
Herring 9 0 2 - - 0 0 0 0 0 0
Capelin 8 - 2 13 1 0 0 0 0 0
Pacific sand lance - 1 - - - 0 0 0 0 0 0
Eulachon 1 - 6 - 0 0 0 0 0 0 0
Atka m ackerel 1 0 0 0 0 0 0 0 0 0 0
Bathylagid 0 0 0 0 - 0 0 0 0 0 0
Myctophid 0 0 - 0 0 0 0 18 0 1 0
Tanner crab 0 6 - 12 1 2 0 0 - -
Pandalids 4 - 9 19 54 51 4 2 0
Cephalopods 2 5 10 1 21 82 6 1 -
Offal 1 7 29 13 0 0 0 0 0
Euphausiids 3 0 39 0 69 87 96
Calanoid copepods 0 0 0 0 1 0 0 2 2 3

Notes: - means less than 1 percent

Source: Yang and Nelson 2000

JANUARY 2001 CHAPTER 3 - DRAFT PROGRAMMATIC SEIS

3.3-58



The Significance of Forage Fsh inthe Diet of Aleutian |slands Groundfish

Yang (1996) studied the diets of groundfish inthe Aleutian Islands during summer. Hefound that main fish
prey of groundfish in the Aleutian Idlands included Atka mackerel, walleye pollock, Pecific herring, capdin,
myctophids, bathylagids, Pacific sand lance, and eulachon (T able 3.3-5). Although Atkamackerel andwalleye
pollock were important fish prey of arrowtooth flounder, Pacific halibut, and Pacific cad, othe forage fish
peci es comprised from 1 to 37 percent of groundfish diets. Mogt of the Atka mackerel consumed by the
groundfishwerel ocated near Attu, Agattu, Anchitka, Tanaga, Atka, and Unaaska Islands Mydophdswere
an important forage fish. Large amounts of myctophids were found in the diets of Greenland turbot ,walleye
pollock, Pacific ocean perch, and shortraker rockfish. They were also faundin arrowtocth flounder, Pacific
cod, rougheye rockfish, Atkamackerel, and northe'n rodkfish. Most myctophids consumed by the graundfish
werelocated near Kiska, Adak, Seguam, and Y unaska Idands. It isnotablethat nine out of deven groundfish
gpeci es shown in Table 3.3-5 consumed myctophids as foad. If the abundance of the myctophids declines
dramaticdly, it could impact the growth of Aleutian Idands groundfish, which depend on myctophids for a
mainfood resource Bathylagids were found in the diets of Greenland turbot and walleye pollock. Capelin
were found in the diet of Pacific halibut and walleye pollock collected in the Akutan Island area, but they
contributed only 5 percent and less than 1 percent of the diets of Pacific halibut and walleye pollock,
respectively. Pacific sand lance were food of arrowtooth flounder, Pacific halibut, Pacific cod, and walleye
pollack, but they contributed less than 1 per cent of these diets. Only a small amount (lessthan 1 percent) of
eulachon wasfound in thedid of walleye pollock. Pacific sandfish was not foundin thediets of the groundfish
in the Aleutian Islands area.

Forage Fish inthe Diets of Eastern Bering Sea, Gulf of Alaska, and Aleutian Islands Groundfish

Euphausids

Euphaudiids (Euphausiacea) represent asignificant portion of the diet of walleye pollock in the eastern Bering
Sea shelf region (Livingston 199148) . Euphausiids represent as much as 70 percent of the diet in the winter and
spring and are generally more important to larger pollock thansmaller ones. Euphausiidsare also the primary
prey of anall (less than 35 cm) Greenlandturbat inthe eastern Bering Sea shdf, but are of little importance
to larger fish (Livingston and DeReynier 1996). Smad | (less than 35 cm) arrowtooth flounder also consume
euphausiids as a large (50 percent by weight) portion of their dig; euphausiids are of littleimpartance to the
larger ones (Livingston and DeReynier 1996). Euphausids were not found to a significant diet component of
any other eastern Bering Seashelf groundfish. In the eastern Bering Seadoperegion, euphausiidswere found
in thediets of several groundfish species. They represent 26 percent of the overall diet by weight of walleye
pollack, but are more important by season (80 percent by weight inwinter) and to smalle (lessthan 50 cm)
fish(Lang and Livingston 1996). Euphausiids alsoplay asmall role (lessthan 1 percent by weight) inthe dets
of Pacific cod, flathead sole and arrowtooth flounder (Lang and Livingston 1996).

Euphausiids are an i mportant food item of many groundfish speciesin the GOA and Aleutian Idands. Yang
(1993) showed that the detsof plankton-feeding groundfishin the GOA, suchasdusky rodkfish, Pacific acean
perch, and rorthe'n rodfish had large percentages (more than 65 percent) of euphausiids. Euphausiids also
comprised 39 percent of the diet of walleye pollock in the GOA. In the Aleutian Islands, euphausiids also
comprised 43, 55, 51, and 50 per cent of the stomach conterts of walleye pollock, Atka mackerel, Pacific ocean
perch, and northern rockfish, respectively. Euphausiids were also in the diets of arrowtooth flounder (5
percent), rougheyerockfish (2 percent), shartspinethornyhead (1 percent), and shortraker rackfish (1 percent)
in the Aleutian I1slands (Y ang 1996).
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Table3.3-5 Percent by Weight of Important Prey Consumed by Groundfishin the Aleutian | dands

Predator

Prey Arrowtooth | Pacific | Pacific | Greenland | Pollock | Shortspine | Rougheye | Shortraker Atka Pacific Ocean [ Northern

Flounder |Halibut| Cod Turbot thornyhead | Rockfish | Rockfish [Mackerel Perch Rockfish
Atka m ackerel 44 12 27 0 0 0 0 0 0 0 0
Pollock 13 19 17 1 0 0 0 0 2 0 0
Herring - 2 1 0 0 0 0 0 0 0 0
Capelin 0 5 0 0 - 0 0 0 0 0 0
Myctophid 7 0 3 28 37 0 4 15 1 34 1
Bathylagid 0 0 - 13 1 0 0 0 0 0
Pacific sand lance - - - 0 - 0 0 0 0 0
Eulachon 0 0 0 0 - 0 0 0 0 0
Tanner crab 0 7 2 0 - 0 0 - 0 0
Cottid 3 1 7 0 - 51 0 19 - 0 0
Cyclopterid - - - 0 - 1 45 0 0 0 0
Shrimp 2 - 10 0 23 45 32 - 0 3
Cephalopods 3 27 12 50 - 3 8 2 1
Euphausiids 5 - - 0 43 55 51 50
Calanoid copepods - 0 - 3 0 0 17 7 17

Notes:
Source: Yang 1996

- means less than 1 percent
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Stichagids

Stichaeids represent a minimal portion of the dietsof several groundfish speciesin the eastern Bering Seashelf
region. Pacific cod (Livingston 1991b), arrowtooth flounder (Yang 1996), and flathead sole (Pacunski 1991)
consume unidentified stichaei ds as less than 1 percent of their diets by weight. Greenland turbot consume a
combination of unidentified stichaeids and daubed shanny (Lumpenus macul atus) asasmall portion (lessthan
1 percent) of their det.

Stichaeids represent a small portion (less than 1 percent by weight) of the det o Pacific cod, arrowtoath
flounder, and Greenland turbot in the eastern Bering Sea dope region (L ang and Livingston 1996). Yang
(1993) who studed the digs of the groundfish in the GOA during summer, found that stichaei ds comprised
about 1 percent of the stomach content weight of arrowtooth flounder, Pacific cod, and walleye pollock,
respectively. Pacific halibut, sablefish, and Paci fic ocean perch al so consumed stichaeids, but their contribution
tothe dietswas small (lessthan 1 percent). Yang (1996) aso studied the diets of groundfish in the Alautian
Islands. Hefound that stichaeids comprised 2 percent of the stomach contents waght of arrowtoath flounder.
Stichaeids comprised less than 1 percent of the diets of Pacific cad, walleye pdlock, and Atka mackerel.

Gonostomatids

Gonaostomatids were na found to bea significant partion of the diets of eastern Bering Sea shelf or slope
groundfish (Livingston and DeReynier 1996). Gonostomatids are probably not impartant prey of GOA
groundfish because they werenot found in agudy of groundfishdidsinthat area (Yang 1993). However, they
were found in pollock stomachs in the Aleutian Idands, but contributed less than 1 percent by weight of the
total stomach content (Y ang 1996).

Pholids

Pholids (saddleback gunnel) werefound in Pacific cod ssomachs in the Aleutian Idands, but their contribution
waslessthan 1 percent by weight of thetotal stomach content. Pholidswere not found asa significant portion
of the diets of eastern Bering Sea shelf or dope groundfish. Pholids are probably not important prey of the
GOA groundfish area because they were na found ina study of groundfish dids in that area (Y ang 1993).

Significance of Forage Fish to Seabirds

Capelin and sand lance arecrucial to many bird species; aher foragefish includemyctaphids, herring, Pacific
saury, and pollock (Tables 3.3-6 and 3.3-7). M any seabirds can subsist on a variety of invertebrates and fish
during nonbreeding months but can only raisethar nestlings onforage fish (Sanger 1987a, Vermeer et 4.
1987). Refe to Section 3.5 for further detailsabout seabirds

Seabird population trends throughout the Arctic and subarctic arelargdy deermined by foragefish avail ability
(Birkheadand Furness 1985). Lack of prey usudly causes popul ation declines throughbreeding failurerat her
than adult mortality. Although seabirdscan adapt to occasional years of poor food and reproduction, along-
termscarcity of forage fish leads to populationdedines. Reproductive successin Alaskan seabirdsisstrongly
linked to the availability of appropriate fish. Breeding failure as aresult of forage fish scarcity has been
documented in Alaska for back-legged kittiwakes, daucous-winged gulls (Larus glacescens), pigeon
guillemots (Cepphus columba), and murres (Baird 1990, K uletz 1983, M urphy et a. 1987, Murphy et a.
1984, Springer 1991a). Similar observations have been made for seabirds in British Columbia (Vermeer et
a. 1979, Vermeer and Westerheim 1984) and the North Atlantic (Barrett et al. 1987, Brown and Nettleship
1984, Harris and Hislop 1978, Monaghan et al. 1989, Vader et a. 1990). Breeding failure can result when
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Table3.3-6  Estimated Populations and Principal Diets of Seabirds that Breed in the Bering Sea,
Aleutian 1dands, and Gulf of Alaska

Population®®

Species BSA| GOA Diet ¢
Northem fulmar (Fulmarus glacialis) 1,500,000 600,000 | Q,M,F,Z,1
Fork-tailed storm-petrel (Oceanodroma furcata) 4,500,000 1,200,000 | Z,Q.,C
Leach's storm-petrel (Oceanodroma leucorrhoa) 4,500,000 1,500,000 | Z,Q
Double-crested cormorant (Phalacrocorax auritis)® 9,000 8,000 | F.I
Pelagic cormorant (Phalacrocorax pelagicus) 80,000 70,000 | S,C,P,H,FI
Red-faced cormorant (Phalacrocorax urile) 90,000 40,000 | C,S,H,F,I
Brandt's cormorant (Phalacrocorax penicilatus) 0 100 | ?
Pomarine jaeger (Stercorarius pomarinus) Common Common | C,S
Parasitic jaeger (Stercorarius parasiticus) Common Common | C,S
Long-tailed jaeger (Stercorarius longicaudus) Common Common | C,S
Bonaparte's gull (Larus philadelp hia) Rare Common | ?
Mew gull (Larus canus) © 700 40,000 | C,S,I,D
Herring gull (Larus argentatus) © 50 300 | C,S,H,F,I,D
Glaucous-winged gull (Larus glaucescens) 150,000 300,000 | C,S,H,F,I,D
Glaucous gull (Larus hyperboreus)® 30,000 2,000 | C,S,H,I,D
Black-legged kittiwake (Rissa tridactyla) 800,000 1,000,000 | C,S,P,F.MZ
Red-legged kittiwake (Rissa brevirostris) 150,000 0| MC,S,zZPF
Sabine's gull (Xema sabini) Common Common | ?
Arctic tern (Sterna paradisaea) © 7,000 20,000 | C,S,Z,F
Aleutian tern (Sterna aleutica) 9,000 25,000 | C,S,Z,F
Common murre (Uria aalge) 3,000,000 2,000,000 | C,S,H,0,Fz
Thick-billed murre (Uria lomvia) 5,000,000 200,000 | C,S,P,Q,Z,MF,I
Pigeon guillemot (Cepphus columba) 100,000 100,000 | S,C,F,H,I
Marbled murrelet (Brachyramphus marmoratus) Uncommon Common | C,S,P,F,ZI
Kittlitz's murrelet (Brachyramphus brevirostris) Uncommon Uncommon | S,C,H,Z,I,P,F
Ancient murrelet (Synthliboramphus antiquus) 200,000 600,000 | Z,F,C,S,P,I
Cassin's auklet (Ptychoramphus aleuticus) 250,000 750,000 | Z2,Q,I,S,F
Least auklet (Aethia pusilla) 9,000,000 50 | z
Parakeet auklet (Cyclorrhynchus psittacula) 800,000 150,000 | F,I,S,P,Z
Whiskered auklet (Aethia pygmaea) 30,000 0| z
Crested auklet (Aethia cristatella) 3,000,000 50,000 | Z,l
Rhinoceros auklet (Cerorhinca monocerata) 50 200,000 | C,S,HAF
Tufted puffin (Fratercula cirrhata) 2,500,000 1,500,000 | C,S,P,F,Q,ZI
Horned puffin (Fratercula corniculata) 500,000 1,500,000 | C,S,P,F,Q,ZI

Total 36,000,000 12,000,000

Notes: 2Population data for colonial seabirds that breed in coastal colonies were modified from USFWS 1998a.
Estimates are minima, especially for storm-petrels, auklets, and puffins.
PNumerical estim ates are not available for species that do not breed in coastal colonies. Approximate numbers
are as follows: abundant = 10 million or more; comm on = one to ten million, uncommon = 10,000 to 1 million,
rare = 10,000 or less .
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‘Abbreviations of diet components: M, Myctophid; P, walleye pollock; C, capelin; S, sand lance; H, herring;
A, Pacific saury; F, other fish; Q, squid; Z, zooplankton; I, other invertebrates; D, detritus; ?, no information
for Alaska. Diet components are listed in approximate order of importance, however, diets depend on
availability and usually are dominated by one or a few items (see text).

YFor sources of diet data, see species accounts in text.

¢Species breeds both coastally and inland; population estimate is only for coastal colonies.

Table3.3-7  Comparative Population Estimates and Diets of Nonbreeding Seabirds That Frequent
the Bering Sea and Aleutian Islands and G ulf of Alaska Regions

Population®®

Species BSAl GOA Diet ¢
Short-tailed albatross (Diomedea abatrus) Rare Rare Q.F
Black-footed albatross (Diomedea nigripes) Common Common Q,M,F,I,.D
Laysan albatross (Diomedea immutabilis) Common Common M,Q,I,.F
Sooty shearwater (Puffinus griseus) Common Abundant M,A,Q,C,S,FZ
Short-tailed shearwater (Puffinus te nuirostris) Abundant Common Z,F.C,S|
Ivory gull (Pagophila eburnea) Uncommon 0 ?
Black guillemot (Cepphus grylle) Rare 0 ?

Notes: ?Population data for colonial seabirds that breed in coastal colonies were modified from USFWS 1998a.
Estimates are minima, especially for storm-petrels, auklets, and puffins.
PNumerical estimatesare not available for speciesthat do not breed in coastal colonies. Approximate numbers
are as follows: abundant = 10 million or more; common = oneto ten million, uncommon = 10,000 to 1 million,
rare = 10,000 or less .
‘Abbreviations of diet components: M, Myctophid; P, walleye pollock; C, capelin; S, sand lance; H, herring;
A, Pacific saury; F, other fish; Q, squid; Z, zooplankton; |, other invertebrates; D, detritus; ?, no information
for Alaska. Diet components are listed in approximate order of importance, however, diets depend on
availability and usually are dominated by one or a few items (see text).
For sources of diet data, see species accounts in text.

adultslack sufficient ener gy reser vesto complete a nest, lay eggs, or completeincubation, or when they cannot
feed the nestlings adequat ely.

Seabirdsdepend onforagefish that are small, highinenergy content, and for m schoolswithin efficient for aging
range of the breeding colony. Fish’5 to 20 cmlong areeasily captured and handled by seabirds. Schools must
be available near the breeding colony, within 20 km or less for inshare feeders such asterns, guillemots, and
cormorarts, but up to 60 km or farther for kittiwakes and murres (Schnader and Hunt 1984). Someseabirds,
such as kittiwakes and terns, cantake prey only whenthey are concentrated at thesurface; these species are
affecded morefrequently by food shortages than are diving seabirds such as murres, murrelets, puffins, and
cormorants (Furness and Ainley 1984, Uttley etal. 1994).

Although Alaskan seabirds consume several fish species, only oneor twofor agespecies are availablenear most
colonies. If animportant fish stock isdepleted locally, birds may have no alternative food source to suppart
successful breeding. Regional variations in dominant foragefishinclude sandlance along nost of theAleutian
Isands and the coast and northern islands o theBering Sea (Springer 1991a, Springer et al. 1996); capelin
and pollock on most of the Alaska Peninsula (H atch and Sanger 1992, Springer 19914); and pollock on Saint
Matthew Island andthe Pribilof Islands (Hunt et al. 1981, Hunt € al. 19814, Springer et al. 1986).
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The preferred forage speciesin eachareausuallyis essential for successfu seabird rgoroduction. Black-legged
kitti wakes breed successfully in thenorthern Bering Seawhen sandlance areavailable but not in years when
they haveto rely on cads (Springer & al. 1987). After capdin declinedin the GOA in the late 1970s, black-
legged kittiwakes swit ched to pollock and sand lance, but thisdiet did not prevent breed ng failure (Baird 1990,
Piatt and Anderson 1996). Capelin have increased again near some GOA colonies since 1994, and kittiwake
breeding success has inproved inthose areas (D.B. Irons, USFWS, Anchorage — personal communication).

Theories have attributed reductions in the forage fish of seabirds to both commercial fisheries and climatic
cycles, however aNational Research Council study (1996) concluded that both factor sprobably aresignificart.
Climate has been recogni zed asthe dominant factor in fluctuations of pelagic fish stocks (W ooster 1993), and
climate in the GOA and Bering Sea undergoes cycles of varying lengths (Royer 1993), which influences the
numbersand distribution of forage fish and hence avian productivity (Natioral Research Courcil 1996, Piatt
and Andeason 1996). Thisis alsotrue for eastern Canada and northern Britain (Bailey 1989, Carscadden
1984). However, directed fisheries on forage fish can deepen and prolong their natural low population cycles
(Duffy 1983, Steele 1991). In nationswith dir ected foragefish fisheries, some stocks have been decimated due
to a combination of climatic and fishay pressures, which led to local population declines in seabirds.
Examplesinclude fisheries on anchovea (Engraulis ringens) in Peru (Duffy 1983, Schaefer 1970), herring
in Norway (Anker-Nilssen and Barrett 1991, Lid 1981), and pilchard (Sardinops oscellata) in South Africa
(Crawfordand Shelton 1978). In northwest Russia, where several forage species (capelin, herring, and Arctic
cod) were overfished, sand lance are still availableto seabirds, but the birds appear to compeefor them more
intensdy than before (Krasnov & al. 1995).

Significance of Forage Fish to Marine Mammals

In gereral, anall forage fish such as capelin, haring, sand lance, and eulachon have besn recognized as
important prey items for avariety of marine mammal species. Among theseare northern fur seals, Steller sea
lions, harbor seals, spotted seals, and bearded seal s, aswell as humpback whales andfin whales. Narthern fur
seals, Steller sea lions, and har bor seal s have been decliningin abundancefor anumber of years (Table 3.3-8),
and sometheories attribute these declines in part, to the lack of availability of prey species (Sinclair 1988,
Sinclair et al. 1996, Merrick ¢ a. 1997).

Largely due to the variable nature of the food habits data on different predators with respect to sampling
method, timing, and location and lack of survey data on noncommercial prey species, the relative inportance
of forage species can appear uncertain. However, taken in aggregate, the available data suggest that forage
fish species are impartant to marine mammals when and wherethey are available Table 3.3-9 shows the
relative rank of forage fish species in the diets of northern fur seals, Steller sealions, and harbor sealsin the
GOA. Capdin are an important component of the diet of al three species. In addition, of those species
forming the foragefish categary, bathylagids and sand lance contributeto the diet of fur seals, with eulachon
as another important component of harbor sedl diets (Table 3.3-9). A summary of capelin and other forage
fish use by sdected marine mammal species in Alaska follows (data for pinnipeds is from the AFSC).

Northern Fur Seadls

Examination of 1,800 stomachs colleded from seals taken from the Being Sea from 1960, 1962 to 1964,
1968, 1973, and 1974 ind cated that capelin was the third-most prevalent prey item after pollock and Pacific
herring (Kajimura 1985). Available information on fur seal feeding habits priar (1892 to 1950s) to these
pelagic colledions also describecapdinand bathyl agid smelt as primary prey in seal spewings and stomachs.
Pacific herringand capelin were absent from stormach samples collected in the 1980s. Absence of forage fish
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Table3.3-8 Number sof Northern Fur Seals, Steller Sea Lions, and Harbor Sealsin Par tsof t he Gulf
of Alaska and Bering Sea

Year Northern Fur Seal Steller Sea Lion? Harbor Seal®
1950 451,000

1955 461,000

1960 320,000 140,115

1965 253,768

1970 230,485

1975 278,261 103,976

1976 298,000 6,919
1977 235,200 6,617
1978 247,100 4,839
1979 245,932 3,836
1980 203,825

1981 179,444

1982 203,581 1,575
1983 165,941

1984 173,274 1,390
1985 182,258 67,617

1986 167,656 1,270
1987 171,422

1988 202,300 1,014
1989 171,530 24,953

1990 201,310 27,860 960

Notes: *Index counts of adults and juveniles on rookeries and haulouts from the Kenai Peninsula to Kiska Island are
from Loughlin et al. (1990) and Merrick et al. (1991, 1987).
®Mean counts of seals hauled out on Tugidak Island during the fall molt are from Pitcher (1990) and ADF&G
(unpublished data).

in the samples was thought to be related to fluctuations in the abundance and availability of these fish,
environmental changes in the Bering Sea, or exclusion by the existence of large populations of pollock.

Steller Sea Lions

Stomach samples cdlected by ADF& G in the eastern Bering Seain 1981 and 1985to 1986 dd na indcate
the presence of forage fish species, but rather contained predominantly pollock and yellowfin sole (Cakins
1998, Gearin - unpublished report). However, 37 samples collected in the GOA during summer from 1975
to 1978 showed that capdin comprisad about 60 percert of the stomach contents identified (Pitcher 1981).

Harbor Seals

Analyses of harbor seal stomach contents fromcollections made by ADF& G during 1973 to 1978inthe GOA
indicated the presenceof several foragefish species, including capelin, eulachon, Pacific herring, and Pacific
sand lance. In particular, capelin, eulachon, and Pacific herring ranked third, fourth, andfifth respectively out
of 15 species compared using theindex of relativeimportance methad. Seasonal and area differences were
pronounced; capelinweremost commonin collectionsfromthe Kodiak I1dand area, but were absent in samples
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Table 3.3-9

Rank of Prey Species in the Diets of Northern Fur Seds, Steller Sea Lions, and
Harbor Sealsin the Gulf of Alaskaand Bering Sea

Ranking Northern Fur Seal® Steller Sea Lion® Harbor Seal®
1 Squids (33.3) Pollock (58.3) Pollock (21.4)
2 Capelin (30.6) Herring (20.6) Octopus (18.3)
3 Pollock (25.1) Capelin (7.4) Eulachon (11.6)
4 Atka mackerel (3.5) Salmon (5.1) Capelin (10.4)
5 Herring (2.9) Squid (4.2) Herring (6.4)
6 Bathylagidae (2.9) Sculpins (1.3) Salmon (4.4)
7 Salmon (1.1) Pacific cod (0.9) Shrimps (3.3)
8 Flatfishes (0.6) Rockfishes (0.8) Pacific cod (3.2)
9 Sablefish (0.2) Flatfishes (0.3) Flatfishes (2.6)
10 Sand lance (0.2) Octopus (<0.1) Squids (1.6)

Notes: *Rankings based on modified volume, numbers in parentheses are modified volumes; from Perez and Bigg
(1981).
PRankings based on combination rank index, numbers in parentheses are percent oftotal samplevolume; from
Pitcher and Calkins (1981).
°Rankings basedon modifiedindexof relative importance, numbers inparentheses are percent of total sample
volume; from Pitcher (1980a, 1980b).

from the south side of the AlaskaPeninsula. Similarly, eulachon comprised 95 percent of the contentsvolume
for collectionsinthe Copper River Delta, 30 percentinlower Cook Inlet, and 4.6 percent ar ound Kodiak Idand
(Pitcher 1980).

Spotted Seals

Collections of 14 spotted sedl stomachs during March-June 1976 to 1978 in the southeastern Bering Sea
indicated that capelin was the predominant prey item. Similar collections from spotted seals in the northern
Bering Sea in 1976 to 1978 contained predominantly Arctic cod, capelin, and saffron cod. In March-June
1972 and 1973, spotted seal collections from the Gulf of Anadyr contained predom nantly Arctic cad, but
pollock and sand lancewerepresent as well (Bukhtiyarov € al. 1984).

Bearded Sedls

Pelagic collections of bearded seal stomachs near Saint Matthew Idand in the Bering Sea in spring 1981
indicated a very high occurrence of capelin in the diet, 82 percent, based on 16,940 individual capelin remains
recovered (Antondis & al. 1994). Theauthars suggest that the high occurrence was related to the presence of
dense schools of capelin that rise in the water column and move toward shore in early spring. This prey
species, like ather forage fish, therefore may be very important in specific ar eas and times of year, but would
not necessarily appear as impartant prey if sampling wereto occur at dfferent placesand times.

Humpback Whades

The magj or prey speci es of humpback whales are small schooling fishes, including juvenile pollock, and large
zooplankton, mainy euphausiids. Important prey species in southeastern Alaskaare capelin, herring, pollock,
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and krill. Shifts in distribution of humpback whales in southeastern Alaska have also been documerted in
apparent response to changes in prey abundance (Namoto 1957).

Fin Whale

Fin whales are seasonally associated with coastal and continental shelf habitats and food resources. Inthe
North Pacific Ocean, fin whalescompetewithcommercial fisheries for common prey species suchas herring,
northernanchovy, pollock, capdin, sandlance, and larternfish (K gimur aand Loughlin 1988). Datacompi led
over the past 25 year s (AFSC unpublished data) suggest that these whal esfeed ineasternNorthPacific waters
(e.g., Shelikof Strait and the GOA).

Commer cial Forage Fish Harvest

Forage fish form only asmall part of the bycatch of commercia groundfish fisheries. Forage fishare taken
incidertal to theAlaska groundfishtrawl fisheriesin amourts of lessthan 1 percent of any directed fishery (L.
Fritz, NMFS Alaska Fisheries Science Center — persond communication).  Annua osmeid bycatch
(principally capelin caught by the yellowfin solefishery) by all groundfishfisheriesintheBSAI ranged between
43-800 mt in1992 to 1995 (Fritz 1996). Annua bycaichtotalsby BSAI groundfishfisheries of awide variety
of other fish (including bathylagids, myctophids, sandfish, sand lance, edpouts, snipe eds, greenlings,
lumpsuckers, pricklebacks, and snailfishes) have amounted to about 1,000 mt for both 1994 and 1995 (Fritz
1996). Table 3.3-10 showstheforage fish complex catch estimatefor the groundfish fisheriesinthe BSAI (63
mt) and GOA (239 mt) for 1999. While it is not known what percentage these values are of their adual
biomasses in the BSAI, this bycatch amount probably has little affect on the reproducibility of each species,
nor doesit represent significant compditionwith ather apex predators (marine mammals, birds, and other fish).

Because a specific reporting category exists far smelt, same catch data are available for this species group.
Data from the GOA for 1990 to 1993 indicate that smelt is taken as bycatch, predominately in the bottom
pollock, pelagic pollock, and rockfish trawl fisheries, with total annual bycatch amounts ranging from 127.2
t0530.7 mt. Inthe BSAI, smelt bycatch occurs mainly in the yellowfin sole fishery and, to alesser extent, in
the pelagic pollack fishery. Total annual smdt bycatch by al groundfish fisheries in the BSAI arearanged
from 31.8t0 2921 mt during 1990 to 1993. Thesedataindicatethat bothmidwater and bottom trawl fisheries
capture incidental amounts of forage fish.

Although little commercial fishing occurs on for age fish species, documentation exists of a small and sporadic
commercial fishery on capelin as early as the 1960s (ADF& G 1993b). The largest harvest of capelin was
taken in 1984 (489 mt, sorted), and in 1993, 31 mt of capdinwereharvestedin Nunavachuk Bay. Datareveal
that no morethan threevessel sper year participated ina capdinfishery. Data from 1992 and 1994 indicate
that less than 1 mt of capelin was commercially harvested by one boat. The limited amual harvest of capelin
in the North Pacific Ocean is due to sporadic market conditions, processing limitations, and fluctuation of
available capelinbiomass. However, dedining Atlartic stocks have the potential to changethe market interest
for capelin.

Presently, commerdal fishing for capelin is ogpen by regulation, not managed by emegency order, and is
restricted by fewregulations. Theopportunity for a directed fishery on capelin or the other f orage fish species
existsunder the cur rent management system. Presently, speciescontained inthe propasedforage fish category
are not actively managed by the State of Alaska; however, cooperative state and federal management would
be necessary far those farage fish that may bedistributed in state waters during spawning times.
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Table3.3-10 Estimated Catch of Forage Fish by Target Fishery and Gear Type by Groundfish
Fisheriesin the Bering Sea and Aleutianldandsand the Gulf of Alaska, 1999, in Metric

Tons
Target | Gear | Target Catch (t) | Osmerids | Sandfish | Others?
A. Bering Sea and Aleutian Islands
Atka m ackerel Trawl 43,025 0 0 0
Pollock Bottom trawl 64,527 38 0 0
Pollock Pelagic trawl 730,413 39 0 0
Pacific cod Trawl 26,925 1 1 0
Pacific cod Pot 4,268 0 0 0
Pacific cod Longline 6,436 0 0 0
Flatfish Trawl 1,712 20 0 0
Rockfish Trawl 12,101 0 0 0
Rockfish Longline 7 0 0 0
Rock sole Trawl 0 0 0 0
Sablefish All 0 0 0 0
Turbot Trawl 591 0 0 0
Turbot Longline 2,371 0 0 0
Yellowfin sole Trawl 33,217 2 0 0
All species Trawl 922,618 61 2 0
All species Pot 4,282 0 0 0
All species Longline 63,171 0 0 0
B. Gulf of Alaska
Pollock Bottom trawl 2,530 2 0 0
Pollock Pelagic trawl 26,235 23 0 0
Pacific cod Trawl 4,868 15 0 0
Pacific cod Pot 1,575 45 0 0
Pacific cod Longline 1,406 1 0 0
Flatfish Trawl 13,556 9 0 0
Flatfish Longline 1 0 0 0
Rockfish Trawl 9,957 101 0 0
Rockfish Longline 10 0 0 0
Sablefish Trawl 84 0 0 0
Sablefish Longline 1,843 2 0 0
All species Trawl 48,365 150 0 0
All species Pot 1,575 45 0 0
All species Longline 7,866 22 0 0
Notes: 2Others are composed of the following species groups: bathylagids, gunnels, and pricklebacks.

Subsistence Harvest of Forage Fish

The ADF& G Subsistence Division conducts household surveys to determine subsistence use of foragefish
species. Data from these surveys show that smelt are reported harvested in a large nunber of coastal
communities in the southeast, southcentral, southwest, west, and arctic regions of Alaska. Reported smelt
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harvests range from a few pounds to several thousand pounds per conmurity, depending on place and year.
Inthe southeast, sout hcentral, and southwest regions, eulachon are the smelt most commonly taken. Rainbow
smelt, capelin and unknown smelt are also reported harvested in communities in thearctic, west, southwest,
and southcentra regions. The ADF& G dat abase contains no recor ds of subsistence harvests of other forage
fish categories; however, it is possible that, in particular communities, some subsistence harvests of other
forage fish species may accur (B. Wdfe, Alaska Department of Fish and Game, Subsistence Division —
personal communication).

3.3.2 Ecological Relationships Between Target Species and Other Species

This section summarizes information on the ecological relationships between tar get species and other species
of the groundfish communitiesin the eastern Bering Sea, GOA, and the Aleutian Idands areas using data from
the AFSC food habitsdatabase, the primary data sour cefor most target species and published repor tsfor other

species. Thetrophic rdationships betweenthe species that form thefood webs in the groundfish communities
are described. In each ecosystem, thetarget species were categorized into six groups: benthic invertebrate
feeders, benthic mixedfish and invertebratefeeders, benthic piscivores, pdagic zoopl anktivores, peagi c mixed

zooplankton and fish feeders, and pelagic pisdvares. It shauld be noted that these categories are somewhat

artificial since individual fish spedes may exhibit sizerelated, seasonal, geographic, or interannual diet

changes which may change them from one category to another. T he categories are considered illustrative of

thegereral feedng strategy for adults of each species.

Eastern Bering Sea

The generdlized easter n Bering Seafood web (Figure 3.3-10) is based upon diet data from the eastern Bering
Sea shelf (less than 200 m) during the primary feeding season far the predators (M ay—September).

Berthic Invertebrate Feeders

Inthe eastern Bering Sea, groundfish speciesfit intoeach of the benthic groups. Yelowfin sole, Alaskaplaice,
and rock sole areprimarily invertebrate feeders. The largest dietary components of these species are benthic
invertebrates such as polychaete and other marine worms, bivalves, and gammarid amphipods. Pacific sand
lance appear as asubstantia component of the rock solediet, however, thispredation primaril y occursinlarge
rock soleat limited areas and time(Lang et al. 1995). Therefore, rock sole are not grouped as a piscivorous
species in this analysis.

Other eastern Bering Sea flatfish species that fall into this category include rex sde and starry flounder.
Amphipods, clams, and polychaetes account for 90 percent of the diet of rex sole in the eastern Bering Sea
(Brodeur and Livingston 1988). T hediet of starry flounder is primarily (95 percent by weght) dams (Brodeur
and Livingston 1988).

Three eelpout species alsofall into this category, although ther digs are quite dissimilar. Twoline egl pauts
primarily consumeampipodsand other benthic crustaceans (Brodeur and Livingston 1988). Shortfin el pouts
consume up to 90 percent of their diet in the formof britle stars (Brodeur and Livingston 1988). Weattled
edpouts consume a mixture of Tanner crab and snow crab, gammarid amphipods, and poly chaete worms
(Brodeur and Livingston 1988).
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Figure3.3-10 Trophic inter actions of key eastern Bering Sea groundfish. Source: NMFS
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Red Irish lords, sturgeon poaches, and gunnds (Phdidag are also characteized as benthic invertebrate
feeders. The primary prey (75 percent by waght) of red Irish lordsin the eastern Bering Sea ar e hermit crabs,
followed by Tanner crab and snow crab (Brodeur and Livingston 1988). Sturgeon poachers consume benthic
amphipods (80 percent of the did by weight) and decapod crustaceans (Brodeur and Livingston 1988).
Gunnels consume awide rangeof benthic invertebrates (NPFMC 1997).

Berthic Mixed Fish and | nvertebrate Fesders

Pacific cod, Pecific halibut, skate, and flathead sole are all characterized as having a mixed fish and
invertebratediet (Figure 3.3-10). Hathead sole receives this char acterization due to the presence of pollock,
brittle stars, crangon shrimp, mysids, and bivalves in their diet. Fish are ardatively small portion of small
(lessthan 20 cm) flathead solediets, but areincreasingly important with size (Livingston and deReyrier 1996)
and warr ant their placement in this category. Although Pacific cod are na as obvioudy benthic as many of
the flatfishes, they are considered a benthic predator. Pacific cod consume a wide variety of benthic
invertebrate prey, as well as waleye pollock and pleur onectids such as yellowfin sole. While Pacific cod of
al sizes prey heavily onbent hic inver tebr ates, especidl y bair di Tanner craband opilio Tanner crab (al socalled
snow crab), fish prey become increasingly important with size (Livingston and deReynier 1996). Pecific
halibut and skate are benthic speciesthat consume invertebr ates more at smalle sizes but have a largefish
component to their diet (Figure 3.3-10). This fish component is dominant a the larger sizes of these fish.
Pollodk are theprimary prey of these species, dthough Pacific halibut consume othe fish prey as wdl (i.e.,
eelpouts). Hermit crab, bairdi Tanner crab, and opilio Tanner crab are dso important prey of these two
Species.

Two large sculpins are a so char acterized as having a mixed fish and invertebrate diet. Plain sculpinsin the
easte'n Bering Sea consume fish (pleuronectids) and crab species (Tanner and hermit) almost exclusively
(Brodeur and Livingston 1988). Great sculpinsrely upon pdlock (20 percent by weight) and Tanner crab and
snow crab (50 percent by weidht) as their maindietary conponents (Brodeur and Livingston 1988).

Greradigs that inhabit the upper continenta d ope generally prey on locally abundant fish and inver tebr ates
and scavenge for carcasses (Okamura 1970, Pearcy and Ambler 1974, Drazen et d. In press). The popeye
grenadier isthe most numerically abundant grenadier in this region (Bohle 1988), and it likely hasthis type of
feeding strategy. The giant grenadier feeds on myctophids, squid, and a variety of benthic and mesopelagic
animals in the easten Bering Sea (Novikov 1970): eslpauts, othe fish, and shrimp were idertified as its
domirant prey from samples takenin the 1980s (Bradeur and Livingston 1988).

Non-tar get species like thelar ge, demersal Pacific deeper shark can be categorized in this group. Yang and
Page (1999) reported that arrowtooth flounder was the most important prey of deeper shark in the GOA,
representing 67 percert of thetatal somach content weight. Other prey inthe GOA included pollack, rockfish,
Pacific salmon, flathead sole, and octopus (Octopus dofleini). Other studies have reported flatfish, salmon,
rockfish, octopus and squid, crab, sed, and carrion (Hart 1973) as prey items. Sleeper sharks in the eastern
Bering Sea are likely to consumesimilar prey.

Benthic Piscivores

Pacific sandfish and bigmouth sculpin fall into this category, as over 90 percent of their diets are composed
of fish, espedally gadds (Brodeur and Livingston 1988).
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Pelagic Mixed Fish and Zooplankton Feeda's

Pollock appear tobeprimarily zoopl anktivores, consuming calanoid copepods and euphausi dsasthei r primary
prey (Figure 3.3-10). However, pollodk als exhibit some piscivory, primarily in the form of cannibalism,
placing them in the group of mixed fish and zooplankton consumers. Pollock aso have a smal benthic
component tothar diet.

Northern rockfish consume fish and euphausiids as the two most important prey by weight (Brodeur and
Livingston 1988), placing them in the group of pelagic predators with adiet of mixed fish and zooplankton.
Atka mackerel are also members of this group due to the reliance on pollock and euphausiids as the two most
important prey intheir diet (Brodeur and Livingston 1988). Inthe GOA, these two species are categarized as
primarily zooplarktivorous.

Pelagic Piscivores

Arrowtoothflounder and Greenland turbot are primarily piscivorousintheeastern Bering Sea (Figure 3.3-10).
Arrowtooth flounder primarily consume walleye pollock and eelpouts on the eastern Bering Sea shelf.
However, euphausiids are a large portion o the dig of smaller (less than 20 cm) arrowtooth flounder
(Livingston and deReynier 1996). In the deepe slape waters squid becamean impartant part of the diet of
arrowtoah flounder (Langand Livingston 1996). Greenlandturbat areamost exclusively piscivorous onthe
easten Bering Sea shelf. The dominant prey of Greenland turbot is pollock, however, ed pouts also cortribute
to their diet. Very smdl (less than 20 cm) Greenland turbot have alar ge euphausiid component to their diet
(Livingston and deReynier 1996). In the deger slope region, Greenland turbot consume squid as well as
pollock (Lang and Livingston 1996). Sablefishare primarily piscivarous on species suchas pollack (Brodeur
and Livingston 1988). However cephalopods are their most inportart prey after fish. Sdmon shark are
opportunistic pelag ¢ predatorsof many species of fish and squid as well as berthicinvertebrates.

Pelagic Zoopl ankton Fesders

Pacific herring are an example of pelagic zooplanktivores; copepods and euphausiids make up 95 percent of
thelir diet by weight (Brodeur and Livingston 1988). Themost important prey in the diet of Pacific ocean perch
from the eastern Bering Sea are euphausiids, which make up 45 percent of the diet (Brodeur and Livingston
1988), placing them in thisgroup of zooplankton feeders. Unspedfied caridean shrimp aretheir second-most
important prey. Many forage fish species also fit into this category. Capelin, eulachon, myctophids,
bathylagids, and stichagids are al pdagic predators of zooplankton (NPFMC 1997). Euphausids and
copepods are the primary prey of these species, although many other pelagic prey (i.e., ptergpods, ctenophores,
jellyfish, chaetognaths) are alsofoundin ther digs.

Gulf of Alaska

Berthic Invertebrate Feeders

Small er flatfish, such as flathead sole, rock sole, and yellowfin sole, are included in the benthic invertebrate
feederscategory. They mainly feed on benthic and epibenthicinveatebrates such asstrimps, crab, polychaetes,
bivalves hermit crab, and gammarid anphipods.

Y ang and Nelson (2000) found thet pandalid shrimp was the most important prey o flathead sole in the GOA
in 1993. It comprisad 32 pacent o thetotal stamach content’s weight. Brittle stars were the second-most
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important food of flathead sole in GOA. Fathead sole aso fed on other benthic or epibenthic invertebrates,
such as hermit arabs, crangonid shrimp, Tanner crab, and gammarid amphipods (Figure 3.3-11).

Rogers et a. (1987) showed that rock sole and yellowfin sole had generdlized diets. They fed mainly on
polychaetes. However, rock sole took mainly motileforms of polychaetes (errantiates), whereasthe yellowfin
sole consumed more nonmotile forms (sedentariates). Mog of the crab they consumed (eg., Telmessus
cheiragonus, Pugettia gracilis, and Cancer oregonensis) were not commercialy important. They also
consumed clams and gammarid armphipods (Figure 3.3-11).

Non-target speciessuch as starry flaunder, rock greenling, kel p greenl ing, masked greenling, and white spotted
greenling can also be categorized in this group of berthic primary invetebrate feeders. Rogers et al. (1987)
and Rosenthal (1983) found that these greenlings fed mainly on gammerids, crab (most non-commercially
important), shrimp, caprellids, mysids, and small amounts of fish. Rosenthal (1983) reported that garry
flounder fed on dam sphaons, cancrid crab, brittle stars, and polychaetes.

Berthic Mixed Fish and I nvertebrate Feeders

Pacific cod, Pacific halibut, rougheye rockfish, shortraker r ockfish, and shortspinethornyhead are categorized
in this group. They feed mainy onthe battom but alsoin thewater column. Because of the high diversities
in thar diets, they aresubdivided into two groups: (1) the Pacific cod and Pacific halibut group; and (2) the
rougheye rockfish, shortraker rockfish, and shortspine thornyhead group. Thedietsof Pacific cod and Pacific
halibut ind udehigh proportions of fishand arab, wheress the diets of rougheye rockfish, shortraker rockfish,
and shortspine thornyhead consist of large amounts (44 per cent or more by weight) of shrimp (pandalids and
crangonids). Y ang and Nelson (2000) showed that Pacific cod and Pacific halibut had highdiet overlap value
of 64 percent by weight of thetotal stomach contents. Did overlaps between thethree rackfishesin this group
weremorethan 50 percent.

Yang and Nelson’s (2000) study showed thet the prey fish inthe Pacific cod diet in 1996 corsisted of 23
percent (by weight) pollock, 4 percent Atka mackeel, and small amounts (1 percent or less) of zoarcids,
cottids, searchers, stichadds, capelin, rock sde, and arrowtooth flounder. Theinvertebrates that Pacific cod
consumed included 11 percent Tanner crab, 11 percert hermit crab, 6 percent lyrecrab, 11 percent pandalid
shrimp, 5 percent crangonid strimp, and 6 percent polychaetes (Figure 3.3-11).

Comparedto Pacific cod, Pacific halibut consumed more fish and crab but a much lesser amount of shrimp.
Because Pacific halibut grow to such a large size, they a so feed on mor e vari eties of fish, such as rock sole,
yellowfin sole Dove sole and Pacific cad. Yang and Nelson (2000) reported that pdlodk was the most
important prey of Pacific haibut (32 percent by weight) in the GOA in 1996. Other prey fish included 6
percent Atka mackerel, 4 percent capelin and small amounts (3 percent or less) of Pacific sand lance rock
sole, yellowfin sole, zoarcids, cottids, searchers, stichaeids, arrowtooth flounder, Dover sole (Microstomus
pacificus), and Pacific cod. The important invertebrates consumed by Pacific halibut induded Tanrer crab
(9 percent), hermit crab (15 percent), lyre crab (6 percent), and small amounts (3 percent or less) of decorator
crab, cancrid crab, and octopus (Figure 3.3-11).

Y ang and Nelson (2000) foundthat the det of rougheye rockfishin 1993 was 50 percent (by weight) panddid
shrimp, 10 percent crangonid shrimp, 11 per cent euphausiids, and 5 percent eulachon. Other pr ey fishincluded
walleye pollock, Pacific hering, Pacific sand lance, myctgphids, zoarcids, cottids, snailfish, and flatfish.
Commercially important Tanner cr abswere also consumed by rougheye rockfish, comprising 1 percent of the
total stomach content weght in 1993.

CHAPTER 3 - DRAFT PROGRAMMATIC SEIS JANUARY 2001

3.3-73



GULF OF ALASKA

Percent weight in diet

sesmmmamn 30

- EE . 10_29

— G 5]

-

¥

Arrowtooth e mmnaaeT
flounder -
T Pacific
> ' i ~y Walleye d halibut
= : : t A pollock :
L
2 I ‘ ‘s l'-l-..‘ ‘\.'
= ' b Sal P 1 --\ h ’
= |. l "'"I---.;.___.. __ e wmmmnl
E ‘ LR Rl == ¢
|

o NG

‘-----41

1 " .
P :.
' ! 1
1 : 1
1
1

Galanoid
0-

Pelagic | Benthic

Figure 3.3-11 Trophicrelaionships of thegroundfishesinthe Gulf of Alaka. Source: NMFS.

JANUARY 2001 CHAPTER 3 - DRAFT PROGRAMMATIC SEIS
3.3-74



Shrimp (mainly pandalids) were the most important food of thornyheads (61 percent by weaght) in 1993
(Nelsonand Y oung 2000). Tanner crab comprised 7 per cent of thefood of thornyheads: fish (pollock, zoarcids,
and sculpins) comprised 12 percent. Other prey itemsincluded polychaetes, mysids, amphipods, and other
crabs (mainly decorator crab).

Compared to rougheyerockfish and shortspine thornyhead, shortrake rockfisheat fewer prey items. Y ang and
Nelsori s (2000) study showed that pandalid shrirmp, comprising 50 percent of total stomach contert weight,
was the most important food of shortrake rockfish in 1993, and that squid was the second-most impartant,
comprising 35 pacent o total Somach cortent weight.

Non-target specieslike great sculpins and red Irish lords can aso be categorized in this group of mixed fish
and invertebratefeeders. Rogerset a. (1987) fourd that fishand crab conprised about 50 percent of thetotal
stomach contentweight o great sculpins Rosenthal (1983) repartedthat red Irishlordsfed on kel p greenlings,
brittle stars, octopus, hermit crabs, gastropods, and spunculid worm.

The giant grenadier, popeye grenadier, and Pacific grenadier are common in the GOA. Studies of the feeding
habitsof gant and Pacific grenad ersin ather areasindicate that they prey on and scavenge carcassesof locally
abundant fish, squid, and other benthic and mesopelagic animals (Novikov 1970, Pearcy and Anbler 1974,
Buckley & al. 1999, Drazen et al. In press) andit is likdy that grenadier in the GOA havea similar dig.

Non-target spedes, such as Pacific sleeper shark, can be categorizedin this group. Yang and Page (1999)
repor ted that arrowtoot h flounder wasthe most important prey of slegper shark, representing 67 percent of total
stomach content weight. Othe prey included pollock, rockfish, Pacific salmon, flathead sole and octagpus.

Pdagic Piscivores

Arrowtooth flounder is categorized in the group of pelagic primary piscivores. They feed mainly onfishinthe
water column. Compared to Pacific cod and Pacific halibut (the mixed fish and invetebrate feedas),
arrowtooth flounders had a high percentage (about 60 percent) of prey fish and amost no crab in their did.
However, arrowtooth flounders did consume more euphausiids than either Pacific cod or Pacific halibut. 1n
general, arrowtooth flounders consumed more pandalid shrimp than Pacific halibut, and in the GOA in 1996
thelir diet was comprised of 53 percent (by weight) pollock, 10 pecent capdin, andsmall pecentages (nomore
than 2 percent) stichae ds, bathylagids, salmonids, zoarcids, cottids, searchers, eulachon, rock sole, and Pacific
cod (Yang and Nelson 2000). Although arrowt ooth floundersfed mainly on fish, thediet of smalle-sizedfish
also included euphausiids, pandalid shrinps, and crangonid shrimps (Figure 3.3-11).

Lingcod is also categorized in the group of pelagic primary piscivores. Rosenthal (1983) found that Pacific
sand lance was the most important food of lingcod. Other prey fishincluded black rockfish, dusky rockfish,
and kelp greenling.

Non-target species, such as salmon shark and spiny dogfish, can be categorized in this group. The diet of
salmon shark includes samonids, rockfish, lancetfish, daggertooth, sablefish, spiny dogfish, lumpfishes,
myctaphids, sculpin, pollock, Pacific herring, Pacific halibut, and squid. The mainfoodsof spiny dogfish are
Pacific herring, Pacific sand lance smelts, and euphausiids (NPFMC 1999a).

Pdagic Zooplanktivores

Atka mackerel, Pacific ocean perch, northern rockfish, and dusky rockfish are categorized in the pelagic
primary zooplanktivores group. They feed mainly in the upper water column. Zooplankton (including
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euphausiids, calanoid copepads, larvaceans, chagtognaths, and hyperiid amphipods) and gdatinous
invertebrates (jellyfish) comprised morethan 80 per cent of the ssomach contents of each of these species(Yang
and Nelson 2000). Pacific ocean perch and northern rockfish had high diet overlap since they all fed largely
(equal to or more than 60 per cent) on euphausiids. Compared to Pacific ocean perch and nort hern rockfish,
Atka mackerel consumed ahigh percentage (64 percent) of calanoid copepods but alow percentage (4 percent)
of euphausiids. However, in the Aleutian Idands, euphausiids dominated (55 percent) the diet of Atka
mackerel (Yang 1996).

Yang and Nelson (2000) reported that the diet of Atka mackerel in the GOA consisted of 64 percent (by
weight) calanoid copepods, 19 percent jelyfish, 12 percent gastropods, 4 percent euphausiids, and 1 percent
hyperiid amphipods (Figure 3.3-11). The diet of Pacific ocean perch in 1990 comprised 60 percent
euphausiids, 11 percent amphipods, 7 percent calanoid copepods, 5 percent pandalid shrimp, and 4 percent
chaetognaths (Y ang and Nd son 2000). The dietof northernrockfishin 1990 aso contained ahigh percentage
(88 percent) of euphausiids. Other prey itemsof northern rockfish included chaetognaths, calanaid copepods,
and hyperiid amphipods. Yang and Nelson (2000) found that euphausiids were the most important food (61
percent by weight) of dusky rockf ish. Larvaceans werethe second-most important prey of dusky rockfish; they
comprised 14 percert of total stomach content weight. Dusky rockfish al soconsumed 8 percent chaetogreths,
8 percent hermit crabs and anall amounts (less than 5 percent) of pandalids, hippolytids, gammarid
amphipads, and calanoid copepods.

Forage species, such as bathylagids, myctophids, eulachon, Pacific sand lance, and capelin, canbe categorized
in this group. Bathylagids consume plankton (euphausiids, calanoid copepods pteropods appendicuaria,
chaetognat h, and gd atinousanimal ssuch asctenophoresand jel lyfish). Myctophidsconsumed mostly calanoid
copepods and euphausiids. Eulachon mainly feed on euphausiids, calanoid copepods, and cumaceans. Pacific
sand lance prey upon chaetognaths, amphipods, calanoid copepods, and fish larvae. Euphausiids and calanoid
copepods a e common to the diet of capelin, although marineworms and small fishare aso part of their diet
(NPFMC 1997).

Pelagic Mixed Zooplankton and Fsh Feede's

Pollock and sablefish are categorized in this group, which feeds not only on zooplankton but also on fish and
shrimp. Compared to the primary zooplanktivores (80 percent of their diets were zooplankton), the
zooplankton and fish feeders consumeless zooplanktan (no morethan 60 percent of their diets). Onthe other
hand, the combi nati on of the fish and shri mp consumed by the zooplankton and fishfeederscan beas high as
40 percent (Y ang and Nelson 2000).

Pollock plays animpartant trophic rolein the GOA. They are impartant prey of many groundfish species:
Pacific halibut, Pacific cod, arr owtooth flounder, and sablefish. Pollock also consumetheir young. Y ang and
Nelson (2000) reported that thediet of walleye pollock inthe GOA in 1993 comprised 41 percent euphausiids,
20 percert pandalid shrimp, 6 percent larvaceans (pelagic tunicates), 4 percent calanoid copepods, and small
amourts (no morethan 3 per cent) of capdlin, Pacific sand lance, aulachon, zoarcids, cattids, stichaeids, squids,
and amphipads (Figure 3.3-11).

Compared to pollock, sablefish consumed morefish (mainly juvenile pollock) but less euphausiids and shrimp.
It isworth noting that sablefish wasthe only groundfish that consumed ahigh percentage (32 percent by weight
in1996) o fish offal (fish carcasses) inthe GOA. Another special prey for sablefish wasjdlyfish. Yang and
Nelson (2000) found that in 1996 sablefish fed mainly on euphausiids (10 percent of total stomach content
weight), amphipads (11 percent), jellyfish (14 percent), pollock (10 percent), pandalid shrimp (5 percent), and
small amourts (no mare than 3 percent) of squids, polychaetes, and hermit crab (Figure3.3-11).
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Aleutian | lands

Berthic Invertebrate Feeders

Rock soleisincluded in this categay. They manly feed an benthic and epibenthic inverteorates, such as
polychaetes, bivalves, hermit crab, gammarid amphipods, brittlestars, and gastropods. Simenstad et al. (1977)
reported that polychades werethe most frequently occurring (53 percent) prey of rock soleinthe Amchitka
Idand area, followed by gammearid amphipods (29 percent), brittle stars (6 percent), bivalves (6 percent),
gastropods (6 percent), and hermit crabs (6 percent) (Figure 3.3-12). Inthe eastern Bering Sea and GOA,

yellowfinsole and flathead sd ewereincluded in the primary invertebrate feeders group. Trophic information
for thesetwo speciesinthe Aleutian Ilandsislacking, but isassumed to be similar to that of theeastern Bering
Seaand GOA.

Non-target species, such as rock greenling and armorhead sculpin (Gymnocanthus galeatus), can be
categorizedin thisgroup of berthic primary invertebrate feeders. Simengtad et al. (1977) reported that rock
greenlingsfed on gastropods, bivalve mollusks, amphipods, i sgpods, and polycheetes. Armorhead sculpin also
rely on benthic amphipods, isopods, and pdychaetes as foad.

Bernthic Mixed Fish and | nvertebrate Feeders

Pacific cod, Pacific halibut, rougheye rockfish, shortr aker rockfish, and shor tspine thornyhead are categorized
inthisgroup. They feed mainly on the bottom, but also in the water column. Because of the high diversities
in their diets, they are subdivided into two groups: (1) the Pecific cod and Pecific halibut group; and (2) the
rougheye rockfish, shortraker rockfish, and shortspine thornyhead group. The diets of the Pacific cod and
Pacific halibut include high proportions of fish and crabs whereas the diets of rougheye rockfish, shortraker
rockfish, and shortspine thornyhead consist of large amounts of shrimp (pandalids and crangonids). Yang
(1996) showed that Pacific cod and Pacific halibut had a high diet overlap valueof 62 percent by weight of
total stomach contert, and shortraker rackfish and shortspine thornyhead had high diet overlap value (56
percent).

Yang (1996) found that theprey fish o Pacific cod consisted o 27 percent (by weight) Atka mackerd, 17
percent pollock, 7 percent cottids, and small amounts (no morethan 3 per cent) myctophids, flatfish, rockfish,
Pacific herring, snailfish, bathylagids, Pacific sand lance, stichaeids, searchers, and viperfish. Invertebrates
consumed by Pacific cod included 9 pecent squids, 6 percent pandalid shrinp, 4 percent octopus, and small
amounts (no mare than 3 percent) Tanner crab, Korean horsehair arab (Erimacrus isenbeckii), hermit crab,
euphausiids, calanoid copepads, and polychaetes. (Figure 3.3-12).

The diet of Pacific halibut is very similar to that of Pacific cod, except that Padfic halibut consumed more
cephaopods and fewer Atka macker elsthan did Pacific cod (Yang 1996). Yang's (1996) study showed that
the stomach contents of Pacific halibut consisted of 19 percent pollock, 12 percent Atka mackerdl, 17 percent
squid, 10 percent octopus, 7 percent Tanner crab, 5 percent capelin, and small amounts (no more than 3
percent) sablefish, flatfish, Pacific herring, sculpins, Pacific cod, rockfish, searchers, hermit arab, lyre crab,
and gastropads.

Rougheye rockfish, shortraker rockfish, and shortspine thornyhead are included in this category. Thesefish
feed mainly on shrimp (pandalids andhippolytids), and on certain amounts of fishlikemyctophids, catids, and
snailfish. Yang (1996) found that shrimp, comprising 45 percent of tota stomach content weight, was the
primary invertebrate prey of rougheye rockfish. Snailfish werethe most important prey fish, conprising 45
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percent of stomach content we ght. Rougheyerockfishalso consumed some myctophids (4 percent). Other food
iterrs induded polychaetes, amphipods, mysids euphausiids, and isgpods

Shrimp (32 percent) were the most important food of shortr aker rockfish. Fish prey comprised 37 percent of
total stomach content weght, of which myctophids and cottids comprised 15 percent and 19 percent,
respectively (Yang 1996). Cottidswerethemost important prey fish of shortspinethornyhead, comprising 51
percent of total stomach content weight. Pandalid shrimp, at 18 percent of total stomach content waght, were
the mod important invertebrate prey. Shartspine thornyhead aso consumed Korean horsehair crab and deep
sea king crab.

Non-target spedes, suchas great sculpin, blackfinsculpin, and red Irish lord, can be categorized in thisgroup.
Simenstad et al. (1977) found that the horsehair crab and Chionoecetes sp. wee the main food of great
sculpins, fish, amphipods, and pol ychaet es were the most important food for blackfin sculpins, and red Irish
lord fed mainy onhorsehair crab, shrimp, amphipods, and polychaetes.

Greradies generally prey on locally abundant fish and invertebrates and scavengefor carcasses (Okamura
1970, Pearcy and Anbler 1974, Drazen et al. In press). Giant grenadiersfeed on squid, bryozoans, fish, and
shrimp ar ound the Aleutian Islands (Novikov 1970). Pacific grenadier feed and are most commonly caught
near the bottom (Pearcy and Ambler 1974, Buckley et al. 1999, Drazen et d. I n press), but the diet of five
specimens caught in amesopel agic trawl inthis region contai ned myctaphids, ather mesopd agic fishes, mysids,
isopods, and euphausiids (Simenstad et al.1977).

Pelagic Piscivores

Arrowtooth flounders and Greenland turbot are categorized in this group. Inthe Aleutian|slands ares, prey
fish comprised 89 percent (by weight) of the diet of arrowtooth flounder. Atka mackerel was reported to be
the most important prey (Yang 1996), comprising 44 percent by weight of the total somach content. Other
prey fish included 13 percent walleye pollock, 7 percent myctophids, and small amounts (no more than 3
percent) of cottids, sablefish, rockfish, stichaeids, Pacific herring, snailfish, flatfish, Pacific sand lance, and
viperfish. Invertebrate prey of arrowtoath flounder included small amounts (no more than 5 percent) of
euphausiids, squid, and shrimp (Figure 3.3-12).

Ingeneral, the diet of Greenland turbot had high percentages of bothfishand squid. Y ang(1996) reportedthat
the diet of Greenland turbot included 46 percent (by weight) squid, 28 percent walleye pollock, 13 percent
bathylagids, 4 percent octopus, and 3 percent vipefish (Figure 3.3-12).

Non-target species, such as great saul pins canbe categorizedin thisgroup. Simenstad et al. (1977) found that
this specieswas completdy piscivorous, with red Irish lor ds, sturgeon poache's, and searchersastheir favorite

prey.

Pdagic Zooplanktivores

Atka mackerel and northern rockfish are categorized in this group. Each species feeds mainly in the water
column; zooplankton (euphausiids, calanoid, copepods, larvaceans, and hyperiid amphipods) comprised mare
than 60 percent of thetotal stomach content weight. High dietary overlap was found between Atka mackere,
Pacific ocean perch, and northern rockfish, since al consume large amount of euphausiids and calanoid
copepods (Y ang 1996).
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Y ang (1996) found that euphausiids were the most important prey of Atka mackerel in the Aleutian |slands,
conmprising 55 percent of totd stomach content weight. Other zooplankton consumed by Atka mackerd
included 17 percert calanoid copepods, and 5 percent larvaceans (pelagic tunicates). Squid was anot her
invertebrateprey of Atkamackerel; they comprised 8 percent of taal stomach contert wa ght (Figure3.3-12).

Euphausiids werethe most important prey o northern rockfish, comprising 50 percent of the total stomach
content weight. Calanoi dcopepods comprised another 17 percent. Othe foodincludedpol ychaetes, pteropods,
amphipads, shrimp, hermit crabs, and larvaceans.

Non-target species that are pelagic zooplanktivores include mesopelagic fishes such as myctophids and
bathylagids. Simenstad et al. (1977) reparted that calanoid copepods and hyperiid amphipods constitute the
major food sour cesof myctophids, with euphausi ds, chaet ognat hs, pter opods, and shrimp as secondary foods.
Cdifornia smoothtongue fed on chaetognaths and calanoid copepods, with a secondary contribution from
euphausiids.

Pelagic Mixed Zooplankton and Fsh Feada's

Pollock is categorized in this group. Yang (1996) found that pollock fed mainly on euphausiids (43 percent
by weight). Myctophids (37 percent by weight) were the most important prey fish of pollock in the Aleutian
Islands. Less important pollock prey included calanoid copepods, shrimp, capelin, bathylagids, and Pecific
sand lance (Figure 3.3-12). Although Pacific ocean perch is primarily zooplanktivarous in the GOA, it has
asdgnificant fraction of fishinitsdiet inthe Aleutian Idands. T herefore, itis placed in this mixed zooplankton
and fishfeedersgroup. Y ang(1996) reported that euphausiids werethemod importart prey of Padficocean
perch, comprising 51 pecent (by weicht) of thedid. The next important zooplankton prey was calanoid
copepads, comprising 7 percent of stomach content weight. Myctophids wer e the most important prey fish,
conmprising 34 pecent of tatal stomach content weight.

Non-target species such as sockeye and chum salmoncan be categorized inthisgroup. Simenstad et al. (1977)
repor ted that these salmon fed on forage fish such as Pacific sand lance and myctophids. Hyperiid amphipods
and calanad copepods also contributed to thesalmon diets.
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